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EXPLANATION OF COURSE 


This course has been written for the purpose of preparing you for the 
FCC Amateur Novice class examination. The course will enable you to un- 
derstand the requirements of the Novice class written examination as speci- 
fied in the Federal Communications Commission Novice class study guide. 
The complete FCC study guide is given in Appendix 1 at the back of this 
book. 

The course is divided into three sections. The first section consists of 
three lessions on basic DC and AC theory. Some of the AC theory is not re- 
quired for the amateur examination, but is given to provide you with a good 
theoretical background in order to understand the lessons that follow. Sec- 
tion IT discusses vacuum tubes, solid state diodes, transistors, and amplifiers. 
Section III covers transmitters, receivers, antennas, FCC rules and regula- 
tions, and amateur station operating practices. 

There are a number of practice questions at the end of each lesson. 
These questions will enable you to check your knowledge of the material in 
the lesson. Most of the questions after each lesson are of the multiple choice 
type because this type of question is used exclusively by the FCC. The cor- 
rect answers to these questions can be found in Appendix 4. 

Throughout this course you will find numerous schematic diagrams. 
You will not be required to draw diagrams on the actual FCC examination. 
However, you should know the schematic symbols for the various parts and 
you should be able to recognize what the various circuit diagrams are. 

An FCC-type Novice examination is provided at the end of this course. 
Before attempting to take this examination, review the material in the study 
guide in Appendix 1. When you feel that you are thoroughly familiar with 
the study guide material, take the practice Novice examination. Evaluate 
your knowledge by comparing your answers to the answers provided in Ap- 
pendix 4. If you score well in the examination and you are familiar with the 
Appendix 1 subject matter, you should do well in the actual FCC examina- 
tion. 

- The Novice class license examination consists of .a code test, as well as 
the theory test. The Ameco Publishing Corp. publishes code courses on tapes 
and records that prepare you for the FCC code examinations. See back 
cover. 
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INTRODUCTION TO RADIO 


Let us begin by defining communication as a means or system by which 
we exchange our thoughts, opinions, information and intelligence with 
others. We are all familiar with the various methods of communication in use 
today. These methods may be simple and direct or highly developed technic- 
ally. For example, people engaged in conversation, either directly or by using 
a telephone, illustrate the most common and simple means of exchanging 
ideas. Or the system may be more complex, as in radio transmission and re- 
ception between two radio amateur operators. 

Before the discovery and development of electricity and radio, people 
used simple and crude methods for transmitting intelligence. The early In- 
dians used smoke signals and drum beats to convey messages from one tribe 
to another. Although these sound and sight systems of transmitting messages 
were adequate for early man, they proved to be more and more archaic as 
man moved upward on the ladder of civilization. As mankind progressed into 
modern times, the invention of the telegraph and telephone became mile- 
stones in the history of the progress of communication. The telegraph and 
telephone were then radically different from any previous communication 
system in that they used electrical devices for both the sender and the re- 
ceiver, and a wire or cable as the medium for the transmission. It thus be- 
came possible to communicate between any two points on the face of the 
earth which could be bridged by a cable or wire. 

The next significant stage in the progress of message transmission was 
the development of a system of communication called the WIRELESS. The 
wireless was superior to the telegraph and telephone since it used the air as a 
transmission medium rather than a wire or cable. Today, wireless transmis- 
sion is known as RADIO COMMUNICATIONS. 

In this course, you will study all of the technical aspects of a basic 
Radio Communications System so that you will be well equipped to operate 
your own radio transmitting station. 

Let us, at this point, consider briefly a basic radio communications sys- 
tem as illustrated in block diagram form in Figure 1. The basic operation of 
this system is as follows: Someone speaks into the microphone which 
changes sound energy into electrical energy. This electrical energy is fed into 
the sender or TRANSMITTER. The transmitter generates electrical vibra- 
tions which, together with the energy output of the microphone, are fed to 
the transmitting antenna. The transmitting antenna radiates the electrical 
vibrations out into space in the form of electrical radio waves. These radio 
waves travel outward from the antenna in a manner similar to the outward 
motion of ripples from a central point of disturbance in a pool of water. 
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Figure 1. Block diagram of basic radio communications system. 


At the receiving end of the radio communications system, the receiving 
antenna intercepts the radio waves and sends them into the receiver. The re- 
ceiver converts the radio waves into electrical vibrations which energize the 
earphones. The earphones then convert the electrical energy back into the 
original sound that was spoken into the microphone attached to the trans- 
mitter. This brief description gives you a basic, non-technical picture of how 
a Radio Communications System operates. 


SECTION |—LESSON 1 
DIRECT CURRENT THEORY 


1-1 MATTER AND ELECTRICITY 

Matter is a general term used to describe all the material things about 
us. Matter includes all man-made structures, woods, metals, gases, etc.; in 
other words, everything tangible. All matter, regardless of its size, quality or 
quantity, can be broken down fundamentally into two different types of 
particles. These particles, which are too small to be seen under a powerful 
microscope, are called ELECTRONS and PROTONS. Electrically, we say 
that the ELECTRON is NEGATIVELY charged and the PROTON is POSI- 
TIVELY charged. Also, the proton is about 1800 times as heavy as the elec- 
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A. Unlike charges attract. B. Like charges repel. 
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Figure 1-1. Attraction and repulsion. 


1-2 THE LAW OF ELECTRIC CHARGES 

Any object, such as a piece of glass, normally has a neutral or zero 
charge; that is, it contains as many electrons as protons. If this piece of glass 
can be made to have an excess of electrons, it is said to be negatively charged. 
Conversely, if the piece of glass can somehow be made to have a deficiency 
of electrons, the protons will predominate, and it is then said to be positively 
charged. 4 
If a positively charged body is brought near a negatively charged body, 
the two objects will be drawn together. On the other hand, if two positively 
charged bodies or two negatively charged bodies are brought near each other, 
they will try to move away from each other. This reaction is the basis for our 
first law of electricity - The LAW OF ELECTRIC CHARGES. The law states 
“like charges repel, unlike charges attract’’. This law is illustrated by Figures 
1-1A and 1-1B. In Figure 1-1A, a positively charged ball of cork is suspended 
by a piece of string near a negatively charged ball of cork. The two bodies 
swing toward each other since they attract each other. Figure 1-1B illustrates 
the two positively charged balls repelling each other. 


1-3 DIFFERENCE OF POTENTIAL 

If we were to connect a copper wire between the negative and the posi- 
tive balls of cork, an electron flow would result. This is illustrated in Figure 
1-2. The excess electrons from the negative ball would flow onto the positive 


7 


ball where there is an electron deficiency and therefore, an attraction for the 
electrons. This flow.continues until the deficiency and excess of electrons 
has disappeared and the balls become neutral or uncharged. This flow of 
electrons between the two differently charged bodies is caused by the differ- 
ence in charge. A difference in charge between two objects will always result 
in the development of an electrical pressure between them. It is this electrical 
pressure that causes a current flow between these two bodies when they are 
connected by a piece of copper wire. This electrical pressure is defined as a 
DIFFERENCE OF POTENTIAL. The words “POTENTIAL”’ and “CHARGE” 
have similar meanings. 


— T 


copper wire 


eee 
Negative body Positive body 


Figure 1-2. Flow of electrons. 


1-4 CONDUCTORS AND INSULATORS 

Materials through which current can easily flow are called CONDUC- 
TORS. Most metals are good conductors. Conductors incorporate a large 
number of free electrons in their atomic structure. These free electrons are 
not held tightly and will move freely through the conductor when stimulated 
by external electrical pressure. Examples of good conductors, in the order of 
their conductivity, are silver, copper, aluminum and zinc. 

Those materials through which current flows with difficulty are called 
INSULATORS. The electrons are tightly held in the atomic structure of an 
insulator and, therefore, cannot move about as freely as in conductors. Ex- 
amples of insulators are wood, silk, glass and bakelite. 


1-5 RESISTANCE 

The ability of a material to oppose the flow of current is called RESIST- 
ANCE. All materials exhibit a certain amount of resistance to current flow. 
In order to compare the resistance of various materials, we require some 
standard unit of resistance measurement. The unit of resistance that was 
adapted for this purpose was the OHM, and the Greek letter {2 is its symbol. 
(For a list of common radio abbreviations, refer to Appendix 3). One ohm is 
defined as the amount of resistance inherent in 1,000 feet of # 10 copper 
wire. For example, 5,000 feet of #10 copper wire would have a resistance of 
5 ohms, 10,000 feet of #10 copper wire would have 10 ohms, etc. Although 
the ohm is the basic unit, the MEGOHM, meaning 1,000,000 ohms, is fre- 
quently used. The instrument used to measure resistance is the OHMMETER. 


1-6 RESISTORS 
The resistor is a common radio part with a built-in specific amount of 
resistance. Resistors which are made of mixtures of carbon and clay are 
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called carbon resistors. Carbon resistors are used in low power circuits. Wire 
wound resistors, which contain special resistance wire, are used in high 
power circuits. Figure 1-3 illustrates several types of fixed resistors together 
with the symbol which is used to represent them in circuit diagrams. When it 
becomes necessary to vary the amount of resistance in a circuit, we use AD- 
JUSTABLE and VARIABLE resistors. 


WVN- 


fixed resistor symbol 


high wattage ,wire-wound 


PRECISION ‘ 
, WIRE WOUND, 
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carbon resistor precision resistor 


Figure 1-3. Fixed resistors. 


The adjustable resistor is usually wire-wound, and has a sliding collar which 
may be moved along the resistance element to select any desired resistance 
value. It is then clamped in place. Figure 1-4A shows an adjustable resistor. 

Variable resistors are used in a circuit when a resistance value must be 
changed frequently. Variable resistors are commonly called potentiometers 
or rheostats, depending upon their use. The resistance is varied by sliding a 
metal contact across the resistance in such a way so as to get different 
amounts of resistance. The volume control in a radio is a typical example of 
a variable resistor. Figure 1-4B shows a potentiometer used as a volume con- 
trol for a radio receiver; Figure 1-4C shows a potentiometer wound of heavi- 
er wire for use in a power supply circuit. 


B. volume control potentiometer. C. power supply rheostat 


Figure 1-4. Variable resistors. 


1-7 VOLTAGE AND CURRENT 

Voltage is another term for the difference of potential or electrical pres- 
sure which we spoke about in a preceding paragraph. It is the force which 
pushes or forces electrons through a wire, just as water pressure forces water 
through a pipe. Some other terms used to denote voltage are EMF (electro- 
motive force), IR DROP, VOLTAGE DROP, and FALL OF POTENTIAL. 
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The unit of voltage is the VOLT and the instrument used to measure voltage 
is the VOLTMETER. The KILOVOLT is equal to 1000 volts. 

Current is the flow of electrons through a wire as a result of the applica- 
tion of a difference of potential. If a larger amount of electrons flow past a 
given point in a specified amount of time, we have a greater current flow. 
The unit of current is the AMPERE; it is equal to 6,300,000,000,000,000,000 
electrons flowing past a point in one second. MILLIAMPERE and MICRO- 
AMPERE are terms used to denote one-thousandth and one-millionth of an 
ampere, respectively. Current is measured by an AMMETER. A meter whose 
scale is in milliamperes is called a MILLIAMMETER, and a meter that reads 
microamperes is called a MICROAMMETER. 

The ammeter, voltmeter and ohmmeter, described above, can be com- 
bined into a single case, using one meter movement. This combination instru- 
ment is called amultimeter. A multimeter that can measure voltage, resistance, 
and current will suffice for most electronic servicing encountered outside of 
the laboratory. 


1-8 THE DRY CELL 

Several methods are used to produce current flow or electricity. A com- 
mon method is the dry cell, which is used in the ordinary flashlight. The dry 
cell contains several chemicals combined to cause a chemical reaction which 
produces a voltage. The voltage produced by all dry cells, regardless of size, 
is 1% volts. A battery is composed of a number of cells. Therefore, a battery 
may be 3 volts, 6 volts, 74 volts, etc., depending upon the number of cells it 
contains. The fact that a cell is larger than another one indicates that the 
larger cell is capable of delivering current for a longer period of time than the 
smaller one. Figure 1-5 illustrates a typical 1% volt cell and a 45 volt battery. 
The 45 volt battery contains 30 cells. 

Every cell has a negative and a positive terminal. The electrons leave the 
cell at the negative terminal, flow through the circuit and return to the cell 
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Fig. 1-5A. 1% v. flashlight cell. Fig. 1-5B. 45 v. ““B” battery. 


at the positive terminal. This type of current flow is known as DIRECT CUR- 
RENT (DC). Direct current flows only in ONE direction. 


1-9 ELECTRICAL CIRCUITS 

Figure 1-6A is a diagram of a complete electrical circuit. The arrows in- 
dicate the direction of the current flow. As long as we can trace the current 
from the negative point of the cell, all around the circuit and back to the 
positive point, we have a complete circuit. The important thing to remember 
is that current will only flow through a complete circuit. 

The necessary parts for a complete circuit are: 

(1) A source of voltage - the dry cell in Figure 1-6A. 
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(2) Connecting leads - the copper wire conductors in Figure 1-6A. 
(3) A load - the bulb in Figure 1-6A. 


lamp 


copper-wire 
conductors 


Fig. 1-6A. Complete electrical circuit. Fig. 1-6B. Schematic diagram. 


If a break occurred in the connecting leads, or in the wire of the bulb, no 
current would flow and the bulb would go out. We would then have an 
OPEN CIRCUIT. Figure 1-7A illustrates the open circuit condition. 

If we place a piece of wire directly across the two cell terminals, no cur- 
rent will flow through the bulb. This condition is illustrated in Figure 1-8A. 
The current by-passes the bulb and flows through the path of least resist- 
ance, which is the piece of wire. This condition is known as a SHORT CIR- 
CUIT; it is to be avoided because it causes a severe current drain which rapid- 
ly wears the battery down. 


open switch 


Fig. 1-7A. Open circuit. Fig. 1-7B. Schematic diagram. 


short circuit 


lamp 


Fig. 1-8A. Short circuit. Fig. 1-8B. Schematic diagram. 


1-10 SCHEMATICS 

In drawing an electrical circuit on paper, we find it impractical to draw 
the actual battery or lamp as was done in Figures 1-6A, 1-7A and 1-8A. In- 
stead, we use simple symbols to represent the various electrical parts. For 
instance: 


A cell is shown as ad os 
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A battery isshownas | ; = 
A resistor is shown as “~\/\/\/\\/\\— 


You will find a complete table of radio symbols in Appendix 2. Figures 1-6A, 
1-7A, and 1-8A can now be redrawn in the manner shown in Figures 1-6B, 
1-7B, and 1-8B. Note that we indicate the negative battery terminal by a 
short line and the positive terminal by a long line. 


1-11 OHM’S LAW 

We have discussed the significance of voltage, current and resistance. 
Now we shall further study the important relationships that exist between 
these three factors. If we were to increase the battery voltage of Figure 1-6A, 
more electrons would flow through the circuit because of the greater elec- 
trical pressure exerted upon them. If we were to decrease the voltage, the 
flow of electrons would decrease. On the other hand, if the resistance of the 
circuit were made larger, the current would decrease because of greater op- 
position to current flow. If the resistance were made smaller, the current 
would increase because of smaller opposition. These relationships are for- 
mulated into a law, known as OHM’S LAW, which states as follows: The cur- 
rent is directly proportional to the voltage and inversely proportional to the 
resistance. Ohm’s Law, mathematically stated, says that the current, in am- 
peres, is equal to the voltage, in volts, divided by the resistance, in ohms. 

The three formulas of Ohm’s Law are: 

(1-2) I == (1-3) E =IR (1-4) R =< 

‘*T”? stands for the current in amperes. 

“*K’’ is the voltage in volts. 

““R”’ is the resistance in ohms. 
It is obvious that it is quicker to use letters such as I, E, and R, than to ac- 
tually write out the words. Also, note that IR means I multiplied by R. If 
two out of the three factors of Ohm’s Law are known (either E, I or R), the 
unknown third factor can be found by using one of the above three equa- 
tions. Several examples will clarify the use of Ohm’s Law: 


PROBLEM: (1) Given: Current is .75 amperes 
Resistance is 200 ohms 
Find: The voltage of the battery. 


SOLUTION: Since we are interested in finding the voltage, we use 
formula 1-3 because it tells us what the voltage is equal to. We then substi- 
tute the known values and solve the problem as follows: 


(1) E =IR Fo 
(2) E =.75 x 200 “1000 
(3) E =150V. 1400 

150,00 


PROBLEM: (2) Given: Battery voltage is 75 volts. 
Resistance of bulb is 250 ohms. 
Find: Current in circuit. 
12 


SOLUTION: Use formula 1-2 to find the current. 


3 

E 75 fe a 

1 == (2) 1 = a (83) I1=.3amp. 250/ 75.0 
R 250 | ee 0 


PROBLEM: (8) Given: Current in circuit is 2 amp. 
Battery voltage is 45 volts. 
Find: Resistance of circuit. 
SOLUTION: Use formula 1-4 and substitute for E and I to find R. 
E 45 


Ne CANES St (3) R = 22.5 ohms. 


1-12 RESISTANCES'IN SERIES 
If two or more resistances are connected end to end as shown in Figure 
1-9A, any current flowing through one will also flow through the others. The 


Figure 1-9A. Series circuit. Figure 1-9B. Equivalent circuit. 


arrows indicate the direction of current flow. The above circuit is called a 
SERIES CIRCUIT. Since the same current flows through each resistor, the 
CURRENT IS THE SAME AT EVERY POINT IN A SERIES CIRCUIT. 
Similarly, the total current is the same as the current in any part of the series 
circuit. To put it mathematically: 


(1-5) Iota =Ip1 = Ip2 = Ip3 


It is important to note that the current in Figure 1-9A will remain unchang- 
ed if the separate series resistors are replaced by a single resistor whose resist- 
ance value is equal to the sum of the three resistors. Figure 1-9b illustrates 
the equivalent circuit of Figure 1-9A. 


THE TOTAL RESISTANCE IN A SERIES CIRCUIT IS EQUAL TO THE 
SUM OF THE INDIVIDUAL RESISTANCES. 


(1-6) Ry = R, + R2 + R3, etc. where Ry is total resistance 


Whenever current flows through a resistance in a circuit, a part of the 
source voltage is used up in forcing the current to flow through the particular 
resistance. The voltage that is used up in this manner is known as the VOLT- 
AGE DROP or fall of potential across that particular resistor. The voltage 
drop is equal to the current through the part multiplied by the resistance of 
the part. 

If we add up the voltage drops across all the parts of a series circuit, the 
sum would be equal to the source or battery voltage. 
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(1-7) Ep a ER a ER? - ER3; etc. 


where E,, is the battery voltage 
Ep is the voltage across R1 
ER? is the voltage across R2, etc. 


PROBLEM: Find the resistance of R2 in Figure 1-9C. 


SOLUTION: (1) Since we know the total R, Rz =? 
current and the battery voltage, we can use Ohm’s 
Law to find the total resistance. 


ee 
TT] 5 200 ohms 


(2) Since the total resistance in this series cir- 
cuit is 20022 and R; = 7502, then R» = Ry - Rj 


(3)R,=200-75 (4) R, =125 ohms 


R 


PROBLEM: Find the voltage across R1 and R2 in Figure 1-9C. 
SOLUTION: Since E = IR, the voltage across R1 is: 


Eri =-.5 x 75 = 37.5 V. 
The voltage across R2 is: 
Ep? = .5 x 125 = 62.5 V. 


Note that the total voltage divides itself across the resistors in proportion to 
the resistance of each resistor. 


1-13 RESISTANCES IN PARALLEL 

The circuit in Figure 1-10A is called a PARALLEL CIRCUIT. R, and 
R» are in parallel with each other. The current in the circuit now has two 
paths to flow through from the negative end of the battery to the positive 
end. If we remove resistor R; or Rz from the circuit, the current has only. 
one path to flow through from the negative to the positive end of the bat- 
tery. Since it is easier for the current to flow through two paths instead of 
one, the total resistance of a parallel combination is less than the resistance 
of either resistor in the circuit. The more resistors we add in parallel, the less 
becomes the total resistance. This is because we increase the number of paths 
through which the current can flow. An analogy for this would be to consid- 
er the number of people that can pass through one door in a given time, 
compared to the number of people that can pass through several doors in the 
same time. 

If the resistors in Figure 1-10A were equal, it would be twice as easy for 
the current to pass through the parallel combination than it would be for it 
to pass through either one of the resistors alone. The total parallel resistance 
would, therefore, be one-half of either one of the resistors. Figure 1-10B 
shows the equivalent circuit of Figure 1-10A. 
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Fig. 1-10A. Parallel circuit. Fig. 1-10B. Equivalent Circuit. 


In Figure 1-10B, Ry is the total resistance of R; and Rj in parallel. The 
current flowing in the equivalent circuit must be equal to the total line cur- 
rent of Figure 1-10A. 

The total resistance of ANY TWO resistors in parallel may be found by 
using the following formula: 

ek eating Gani 
(128) Rave eer R; 


For example, if Ri and R2 of Figure 1-10A were 3 and 6 ohms respec- 
tively, the total resistance would be: 


_ Ry, x Ry 8x6 _18 
(1) Rr =R, ran (2) RT ac Oi 


The total resistance of ANY NUMBER of resistors in parallel may be 
found by applying the following formula: 


= 2 ohms. 


af 
eo ies online, 
Ri Bip rats etc. 


For example, if three resistors of 5, 10 and 20 ohms were connected in 
parallel, the total resistance would be: 


(1) Ry = ————— (2). Rep ee (least common 
; 1 i Dl ke eae ; 
BOE WT a preg eae =—+—~+— denominator 
ated 20_54 
a 841 7 (4) Lx, 2-7 ohms. 
20 20 


1-14 CHARACTERISTICS OF A PARALLEL CIRCUIT 

1) The total resistance of several resistors hooked in parallel is less than 
the smallest resistor. 

2) The amount of current flowing through each branch depends upon 
the resistance of the individual branch. The total current drawn from the 
battery is equal to the sum of the individual branch currents. 

3) The voltage across all the branches of a parallel circuit is the same; 
in Figure 1-10A the voltage across R, is the same as the voltage across R>. 
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A problem will illustrate the above principles. Refer to Figure 1-11. 


GIVEN: Current through R, is 0.2A. 
R; =50 ohms. R» = 200 ohms. 
FIND: 1) Current through Rp. 


2) Total current. 


SOLUTION: Since we know the resistance of 0. 2A R 
R, and the current through R,, we can find the 1 
voltage across R; by using Ohm’s law. 


(1) Ep; =Ipi x Ri 
(2) Ep; =.2.x 50 
(3) Ep; = 10V 
Since R, is in parallel with R», the voltage Fig. 1-11. Problem. 
across Rz is the same as that across R,. Therefore, 
Er? = 10V also. 
Knowing the resistance of Ry (given) and the voltage across it, we can 
find the current through R>: 


wh RHE (10) 
eo Be OU 


= .05 amp. current through R» 


In a parallel circuit, the total current is equal to the sum of the indi- 
vidual branch currents; therefore: 


(1) I7y =Ip1 + Ir2 (2) Ip = .2A + .05A = .25 amp. 
total current 


1-15 INTERNAL RESISTANCE OF A BATTERY 

A battery has a certain amount of resistance, just as any other device 
has. We refer to the resistance of the battery as its “‘internal resistance’’. The 
current, flowing in a circuit, flows through the internal resistance of the bat- 
tery in the same manner as it flows through the resistance of the load. The 
internal resistance of the battery is in series with the rest of the circuit. It is 
represented by “Ri” in Figure 1-12. The total resistance of Figure 1-12 is 
equal to Ri plus the load resistance. 

If the battery is in good condition, Ri is small and is usually ignored. 


LOAD 
B - Battery. 
Ri - Internal resistance of battery. 
Fig. 1-12 A - Ammeter. 
V - Voltmeter. 
1-16 POWER 


Whenever current flows through a resistance, there is friction between 
the moving electrons and the molecules of the resistor. This friction causes 
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heat to be generated, as does all friction. We could also say that electrical 
energy is changed to heat energy whenever current flows through a resistor. 
The unit of energy is the JOULE. The rate at which the heat energy is gener- 
ated is the power that the resistor consumes. This power consumption in the 
form of heat represents a loss because we do not make use of the heat gener- 
ated in radio circuits. 

We should know how much heat power a resistor is consuming or dissi- 
pating. This is important because a resistor will burn up if it cannot stand the 
heat that is being generated by current flow. Resistors are, therefore, rated, 
not only in ohms, but in the amount of power that they can dissipate with- 
out overheating. The unit of electrical power is the WATT. A resistor rated 
at 5 watts is one which can safely dissipate up to 5 watts of power. If this 
resistor is forced to dissipate 10 watts, by increased current flow, it will burn 
up. 

Exactly how much power is dissipated in a particular circuit, and upon 
what factors does the power dissipation depend? Since the power is the 
result of friction between the flowing electrons and the resistance in the cir- 
cuit, the actual power dissipated depends upon the current and the resistance. 
The more current that flows, the more electrons there are to collide with the 
molecules of the resistance material. Also, the greater the resistance, the 
greater is the resulting friction. The actual power dissipated in a resistor can 
be found by the following formula: 


(1-10) P= ish where: P is the power in watts 
I is the current in amperes 
(I? means I| x I) R is the resistance in ohms 


PROBLEM: Find the power dissipated in a 2000 ohm resistor with 50 
milliamperes flowing through it. 


SOLUTION: First change milliamperes to amperes. This is done by 
moving the decimal three places to the left. Thus 50 milliamperes equals .05 
ampere. Then substitute the values given in formula 1-10. 


(1) P= xR | 05 0025 
(2) P=.05x .05 x 2000 x05 x 2000 
“0025 5.0000 


(3) P= 5 watts 


By using Ohm’s law and algebraically substituting in formula 1-10, we 
can arrive at two more formulas for obtaining power dissipation. 


(1-11) P=ExI where: P is the power in watts, 
E2 E is the voltage in volts, 
(1-12) P= R ~ Tis the current in amperes and 


R is the resistance in ohms 


Formula 1-11 states that the power is equal to the product of the volt- 
age across the resistor and the current through the resistor. 

The Wattmeter is the instrument that is used to measure power. The 
Watt-hour meter is the instrument that is used to measure energy. 
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PRACTICE QUESTIONS — LESSON 1 
(For answers, refer to Appendix 4) 


1 The unit of power is the: 


a. ampere b. coulomb Cc) watt | d. joule 
2 The instrument used to measure resistance is the 

a. wattmeter dbs ohmmeter c. ammeter d. voltmeter 
3 The resistance of two equal resistors connected in parallel is: 

the sum of the two resistors c. one-quarter of one of the resistors 
(p) one-half of one of the resistors . d. the average value of the resistors 

4 A kilovolt is: 

a. 100 volts () 1000 volts | 

b. one-thousandth of a volt . one-millionth of a volt 


5 The total current in a parellel circuit is: 
a. the same in each branch 
(b. equal to the sum of the individual branch currents 
c. equal to the current in each branch multiplied by two 
d. none of the above 


6 Of the following formulas, pick out the incorrect one: 


yee Rs RI c. R=S d. P=2R 


7 The total current in a series circuit is equal to: 

(a) the current in any part of the circuit 
b. the sum of the currents in each part 
c. the total resistance divided by the voltage 
d. the sum of the IR drops 


8 A short circuit: 
4. is found in every good electrical circuit 
: Ay ‘causes a heavy current to be drained from the electrical source 
¢. prevents current from flowing 
d. decreases the conductance of the circuit. 


fm, 


9 Find the power dissipated by a 2500 ohm resistor that is carrying 75 mil- 
liamperes. 


10 Find the source voltage of the circuit shown: 


3082 20Q2 


11 A 20 ohm resistor, a 15 ohm resistor and a 30 ohm resistor are all hooked 
in parallel. What is their total resistance? 


12 The unit of energy is: 
a. watt by/joule c. coulomb d. electron 


13 The instrument used to measure power is the: 
a. ohmmeter b. power meter (9 wattmeter d. wavemeter 


14 Another term for voltage is: 


a. flow of electrons c. EI drop 
(1b) electromotive force d. electrical energy 


15 The unit of current is: ) 
(a. Ampere b. coulomb c. joule d. ohm 


16 The unit of electrical resistance is: 


a. ampere b. volt fe. ohm d. joule 
17 The unit of electromotive force or potential difference is: 
a. ampere { b)volt c. watt d. coulomb 


18 The instrument used to measure potential difference is: 
a. wattmeter b. ammeter ‘ c.Woltmeter d. ohmmeter 


19 The total resistance of three 6 ohm resistors connected in series is: 
a 18 ohms b. 9 ohms c. 2 ohms d. 3 ohms 


20 The voltage drop in a 300 ohm resistor through which 5 ma. flow is: 
a. 1500 volts b. 60 volts c. .017 volts d. 1.5 volts 
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SECTION |—LESSON 2 % 
MAGNETISM 


2-1 THE MAGNET 

We are all familiar with the effects of magnetism. A horseshoe magnet 
will attract and pull to it iron filings. A powerful crane electromagnet will 
pick up heavy pieces of iron. A compass needle will point to the North Pole. 
A magnet, therefore, is any object which has the ability of attracting to it- 
self, magnetic materials such as iron or steel. Figure 2-1 shows a horseshoe 
magnet attracting particles of iron filings. P 


Figure 2-1. 
Magnet’s attraction power. 
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When a magnetized bar of iron is suspended from a string tied arount its 
center so that it is free to rotate, it will come to rest with one end pointing 
almost directly north. The end that points North is called the NORTH POLE, 
and the opposite end of the magnetized bar of iron is called the SOUTH 
POLE. 


Iron Filings 


2-2 LAW OF MAGNETIC POLES 

If the North Pole end of one magnet is brought near the North Pole end 
of another magnet, the magnets will repel each other. The same reaction of 
REPULSION will occur if two South Pole ends are brought close to each 
other. However, if a North Pole end and South Pole end are brought close to 
each other, the magnets will attract each other. The reason that the North 
Pole of a suspended magnet points to the earth’s North geographical pole is 
that the earth itself is a magnet. The earth’s South magnetic pole is located 
near the North geographical pole. A compass points to the North geographical 
pole because the compass needle is a magnet and the pointer is its North pole. 

The results of experiments in magnetic attraction and repulsion were 
formulated into the law of poles which states that OPPOSITE POLES AT- 
TRACT EACH OTHER, WHEREAS LIKE POLES REPEL EACH OTHER. 
Figure 2-2 illustrates this principle. 


2-3 MAGNETIC LINES OF FORCE 

We cannot see the forces of repulsion or attraction which exist between 
the pole pieces of two magnets. We must assume that the North Pole of one 
magnet sends out some kind of invisible force which has the ability to act 
through air and pull the South Pole of the other magnet to it. If we had 
unique vision, we would be able to see certain lines leaving the North Pole of 
one magnet and crossing over to the South Pole of the other magnet. These 
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Attraction Magnetic needle Repulsion 


Figure 2-2. Attraction and repulsion. 


lines are known as magnetic lines of force, and as a group are called a MAG- 
NETIC FIELD or FLUX. Figure 2-3 illustrates the magnetic field as it exists 
around a bar magnet. 
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Fig. 2-3. Magnetic lines of force. Fig. 2-4. Picture of iron filings. 


Notice that the lines of force leave the magnet at the North Pole and re- 
turn to the magnet at the South Pole. Note, also, that the magnetic field con- 
tinues flowing inside the magnet from the South to the North Pole. The 
complete path of the magnetic flux is called the magnetic circuit. 

One way to show magnetic lines of force is to sprinkle iron filings on a 
piece of paper under which we place a bar magnet. The result is shown in 
Figure 2-4. The iron filings arrange themselves so as to look like the lines of 
force that surround the magnet. 

Figure 2-5 illustrates the magnetic field of attraction as it exists be- 
tween the North and the South Pole of two separate magnets. Notice that 
the magnetic field appears to be actually pulling the two pole ends together. 
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Fig. 2-5. Unlike poles attract. Fig. 2-6. Like magnetic poles repel. 
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Figure 2-6 illustrates the magnetic field of repulsion between two like 
poles. Notice that the magnetic fields are actually pushing each other away. 


2-4 TEMPORARY AND PERMANENT MAGNETS 

Soft iron can be magnetized easily by placing it in a magnetic field. 
However, as soon as the iron is removed from the magnetic field, it loses its 
magnetism. Such a magnet is called a TEMPORARY MAGNET. Steel or hard 
iron, on the other hand, which is difficult to magnetize, retains its magnet- 
ism after it has been removed from the magnetic field. A magnet of this type 
is called a PERMANENT MAGNET. Permanent magnets are usually made in 
the shape of a bar or a horseshoe. The horseshoe type has the stronger mag- 
netic field because the magnetic poles are closer to each other. Horseshoe 
magnets are used in the construction of headphones and loudspeakers. 


2-5 ELECTROMAGNETISM 

The same type of magnetic field that we have been discussing exists 
around all wires carrying current. This can be proven by placing a compass 
next to a current-carrying conductor. It will be found that the compass 
needle will turn until it is at right angles to the conductor. Since a compass 
needle lines up in the direction of the magnetic field, the field must exist in a 
plane at right angles to the conductor. Figure 2-7 illustrates a current-carry- 
ing conductor with its associated magnetic field; the current flows from left 
to right and the magnetic field is in a counter-clockwise direction. In Figure 
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Fig. 2-7. Current left to right. Fig. 2-8. Current right to left. 


2-8, the current flows from right to left and the magnetic field is in a clock- 
wise direction. 

This magnetic field, of which only a number of cross-sections are shown, 
encircles the wire all along its length like a cylinder. Notice that the direction 
of the magnetic field, as indicated by the arrows, depends upon the direction 
of current flow in the wire. 


2-4 THE COIL 

If the same conductor is wound in the form of a coil, the total magnetic 
field about the coil will be greatly increased since the magnetic fields of each 
turn add up to make one resultant magnetic field. See Figure 2-9. The coil is 
called a SOLENOID or ELECTROMAGNET. The electromagnet has a North 
and South Pole, just like a permanent magnet. Therule for determining which 
end is the North Pole and which end is the South Pole states as follows: If 
we grasp the coil with the left hand so that the fingertips point in the direc- 
tion of the current, the thumb will automatically point to the North Pole of 
the electromagnet. Thus, we see that the polarity of an electromagnet de- 
pends upon both the way in which the turns are wound and the direction of 
the current flow. If we reverse either the direction of the current flow or the 
direction of the windings, the North Pole will become the South Pole, and 
the South Pole will become the North Pole. 
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Figure 2-9. Magnetic field produced by current 
flowing through coil of wire or solenoid. 


A compass placed within a coil carrying an electric current, will point 
to the North Pole of the coil. The reason for this is that the compass needle 
lines itself up in the direction of the magnetic lines of force. You will recall 
that inside a magnet, the direction of the field is from the South Pole to the 
North Pole. This is also true in an electromagnet, as illustrated in Figure 2-9. 

There are various factors which influence the strength of an electro- 
magnet. They are: 

(1) The number of turns. An increase in the number of turns in a coil 
increases the magnetic strength of the coil. 

(2) The amount of current. If we increase the amount of current in a 
coil, the magnetic strength increases. 

(3) Permeability of the core. The core of the coil is the material within 
the coil. It may be air, glass, wood or metal. If we wind the coil on an iron 
core, we find that the strength of the electromagnet is increased by several 
hundred times over what it is with an air core. The iron is said to have more 
permeability than air; PERMEABILITY is the ability of a substance to 
conduct magnetic lines of force easily. If we have a core with a high perme- 
ability, we will have a large number of magnetic lines of force. This will re- 
sult in a stronger magnetic field. Iron and permalloy are examples of materi- 
als having high permeability. Air is arbitrarily given a permeability of ‘‘one’’. 
The permeability of air is the basis for comparing the permeability of other 
materials. Iron and steel, for example, have a permeability of several hundred, 
depending upon the exact material. 

Electromagnets are used in the manufacture of earphones, micro- 
phones, motors, etc. 


2-7 MAGNETOMOTIVE FORCE 

The magnetomotive force of a magnetic circuit is similar to the electro- 
motive force of an electrical circuit. The magnetomotive force is the force 
which produces the magnetic lines of force or flux. The unit of magneto- 
motive force is the GILBERT. The number of gilberts in a circuit is equal to 
1.26 x N x I, where N is the number of turns in the coil and I is the number 
of amperes. N x I, alone, is also known by the term AMPERE-TURNS. It is 
the number of turns multiplied by the number of amperes flowing in the cir- 
cuit. 


2-8 INDUCED VOLTAGE 
If a coil of wire is made to cut a magnetic field, a voltage is induced in 
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the coil of wire. The same reaction will occur if the magnetic field cuts the 
coil of wire. In other words, as long as there is relative motion between a 
conductor and a magnetic field, a voltage will be generated in the conductor. 
An induced voltage is sometimes called an induced EMF; EMF stands for 
electromotive force. 

Figure 2-10A shows an iron bar magnet being thrust into a coil of wire. 
The dotted lines about the magnet represent magnetic lines of force. The re- 
lative movement between the coil and magnet will result in the turns of wire 
of the coil cutting the lines of force of the magnetic field. The net result of 
this action will be an induced voltage generated in the turns of the coil. This 
induced voltage will, in turn, cause a current to flow in the coil. A galvano- 
meter (an instrument used to detect the presence of small currents) will de- 
flect to the right indicating a current flow as a result of the induced EMF. 
Figure 2-10B shows the magnet being pulled out of the coil. The galvano- 
meter needle will now deflect to the left indicating that the current is now in, 
the opposite direction. Reversing the direction of the motion of the magnet 
in relation to the coil reverses the direction of the induced current as indi- 
cated by the position of the galvanometer needle and the polarity of the cur- 
rent flow. 


A B 
A. Magnet moving into coil. B. Magnet moving out of coil. 


Figure 2-10. Inducing a voltage in a coil of wire. 

This method of electromagnetic induction is used in the generators 
which supply us with our electricity. If we wish to increase the strength of 
the induced EMF, we can do the following: 

(1) Use a stronger magnet. ( 

(2) Use more turns on the coil. 

(3) Move the magnet or the coil back and forth at a faster rate. 

(4) Have the coil cut the lines of force at right angles if it is not already 
doing so. In other words, the more lines of force cut per second, the stronger 
is the resultant, induced EMF. 


PRACTICE QUESTIONS — LESSON 2 
1 The unit of magnetomotive force is: 
a. joule ‘@ j gilbert c. ohm d. rel 
2 Permeability is: ral 
a. another name for magnetomotive force 
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b. the ability of a coil to induce a voltage into another coil 
he ability of a material to conduct magnetic lines of force 
. the ability of a magnet to retain the magnetism 


3 If we placed a compass inside a coil carrying direct current, the North Pole 
of the compass would: 
point to the South Pole of the coil 
@)poin to the North Pole of the coil 
. point to the center of the coil 
d. shift back and forth until the current was shut off 


4 Ampere-turns may be defined as: 
a. the square root of the number of turns multiplied by the current 
b. the number of turns multiplied by the square root of the current 
€c.the number of turns multiplied by the current 
‘d. one-half the number of turns multiplied by the current 


“5 Inside of a bar magnet, the path of the lines of force is: 
. from the North Pole to the South Pole 
from the South Pole to the North Pole 
c. either way, depending on the type of magnet 
d. there are no lines of force inside a magnet 


‘*6 The strength of an electromagnet will NOT be increased if we: 
a. increase the number of turns 
b. increase the permeability of the core 
7 a the iron core to an air core 
. increase the current flow through the coil 


.~7 What will happen as a result of a coil cutting a magnetic field? 
yi increased magnetic field. 


Cc. an increase in the coil’s inductance. 
d. an increase in the coil’s capacitance. 
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SECTION | — LESSON 3 
ALTERNATING CURRENT THEORY 


3-1 INTRODUCTION 

Up to this point, we have been studying DIRECT CURRENT (DC). Dir- 
ect current flows in one direction only. We are now going to study a type of 
current which periodically reverses its direction of flow. This type is known 
as ALTERNATING CURRENT. A battery generates a direct current, and an 
alternating current generator generates alternating current. The abbreviation 
for alternating current is AC. 


3-2 DEVELOPMENT OF THE ALTERNATING CURRENT WAVE 
Figure 3-1 illustrates a loop of wire which can be rotated between the 
poles of a magnet. The magnetic field which exists in the space between the 


Zero Position 45° Position #1 90° Position #2 
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Figure 3-1. Generating the alternating current sine wave. 


North and South Pole is not shown in the diagram. If the loop of wire is 
rotated through the magnetic field, an EMF (electromotive force) will be 
induced in the wires of the loop. This EMF will cause a current to flow in 
the circuit of the loop of wire. The milliammeter in series with the loop will 
indicate the current flow. From our previous study of magnetism, we know 
that an EMF will be induced in a conductor when it cuts through a magnetic 
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field. One of the factors influencing the strength of the induced EMF is the 
relative cutting position of the loop as compared to the direction of the mag- 
netic field. When the conductors of the loop cut perpencidular to the mag- 
netic field, a maximum induced voltage will be generated. When the con- 
ductors of the loop are moving parallel to the magnetic field, no lines of 
force will be cut and therefore, no voltage will be generated. If the loop is ro- 
tated at a constant speed in a counter-clockwise direction, a current will flow 
whose strength and direction will vary with different positions of the loop. 
The strength and direction of the current for different loop positions is indi- 
cated in Figure 3-1. The resulting curve obtained is illustrated in Figure 3-2. 
At zero degrees, the loop begins its rotation with the ammeter indicating 
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Figure 3-2. The sine wave. 


zero current. (The conductors of the loop are moving parallel to the magnet- 
ic lines; therefore, no induced EMF will be generated). When the loop has 
reached position #1 (45 degrees), the current flow is indicated to be in a direc- 
tion which we shall arbitrarily call positive; when the loop has reached posi- 
tion #2 (90 degrees), the current is at a maximum since the conductors are 
cutting into the magnetic field at right angles. The current flow is still in a 
positive direction. From position #2 to position #3, the current decreases in 
value and is still positive. At position #3 (180 degrees), the currents zero 
once again, as it was at the start. This is because the conductor is moving 
parallel with the magnetic field but is not actually cutting it. From position 
#3, through #4 and back to the starting position, the current goes through 
the same amplitude changes as it had gone through from starting position 
(zero degrees) to position #3 (180 degrees). However, from position #3 back 
to position zero, the direction of the current HAS REVERSED ITSELF and 
is NOW considered negative. The opposite to positive, or negative direction, is 
shown on the graph by drawing the curve below the horizontal line. The 
curve of Figure 3-2 representing the varying current through the loop, is a 
waveform known as an ALTERNATING CURRENT wave. The mathematic- 
al name for a fundamental alternating current wave is a SINE WAVE. 

TO SUMMARIZE: Alternating current, as opposed to direct current, 
continuously varies in strength and periodically reverses its direction of flow. 


3-3 CHARACTERISTICS OF THE SINE WAVE 

An AC sine wave has the following important characteristics: 

(1) The complete wave, as shown in Figure 3-2, is known as a CYCLE. 
The wave is generated in one complete revolution of the armature from 0 to 
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360 degrees. | 
(2) An alternation is one-half cycle, from 0° to 180°, or from 180° to 
360°. 

(3) THE FREQUENCY OF AN ALTERNATING CURRENT IS THE 
NUMBER OF COMPLETE CYCLES WHICH OCCUR IN ONE SECOND. If 
60 such cycles were completed in one second, the frequency would be 60 
cycles per second. 

(4) The height of the wave at any point is known as its AMPLITUDE. 
The highest point of the wave is called the maximum or PEAK AMPLITUDE. 
In a sine wave, the peaks always occur at 90 degrees and 270 degrees; the 
zero points always occur at 0, 180 and 360 degrees. 


3-4 FREQUENCY 

The unit of frequency is cycles per second or simply cycles. The abbre- 
viation for cycles per second is CPS or C. The meter used to measure fre- 
quency is called a FREQUENCY METER. 

When a frequency is given as a large number of CPS, it can be converted 
into fewer units of kilocycles or megacycles, just as pennies can be convert- 
ed into dollars. Example: 

(a) 1000 cycles = 1 kilocycle. The abbreviation for kilocycle is “kc’’. 
(The prefix kilo always means 1000). Therefore, in order to convert cycles 
into kilocycles, we divide the number of cycles by 1000. 


1,000,000 CPS = a = 1000 kc. 


(b) 1,000,000 CPS = 1 megacycle. (The abbreviation for megacycle is 
‘‘Mc’’.) Therefore, in order to convert CPS into megacycles, we divide the 
number of CPS by 1,000,000. 


_ 1,000,000 _ 
1,000,000 CPS 1.000,000 1 Mc. 

In recent years, the term ‘“‘Hertz’’ (abbreviated Hz), has been used in 
place of “‘cycles per second’’. Therefore, “‘kilohertz’’ (kHz) is used for kilo- 
cycles and ‘‘Megahertz”’ (MHz) is used for ‘‘megacycles’’. 

The frequency of the AC power that is supplied to most homes in the 
United States is 60 Hertz. This is known as the POWER FREQUENCY. 
Radio waves transmitted by radio stations have a frequency much higher 
than the 60 Hz power frequency. Their frequency is generally above 20,000 
Hz. An electrical frequency higher than 20,000 Hz is known asa RADIO FRE- 
QUENCY. The abbreviation for radio frequency is ‘“‘RF’’. Figure 3-3 illus- 
trates a low frequency of 60 Hz and an RF frequency of 1,000,000 Hz. 

Sound waves which can be heard by the human ear are called audible 
sounds or audio sounds. The frequencies of the audio sounds lie in the range 
from 16 to 16,000 Hz. When a sound wave frequency is converted into an 
electrical frequency, it is known as an audio frequency (AF). For example, 
when our voice is amplified by a public address system, the sound waves 
from our throats strike the microphone and are converted into electrical fre- 
quencies, or audio frequencies. 


3-5 INDUCTANCE 
In Paragraph 2-6, we learned that a current-carrying coil of many turns 
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Figure 3-3. Low and high frequency wave. 


behaves just like a magnet. The current will cause a magnetic field to sur- 
round the coil. If the current flowing through the coil is alternating, the mag- 
netic field surrounding the coil will also be alternating. In Figure 3-4, we 
have a coil which has an alternating current flowing through it. This alternat- 
ing current produces an alternating magnetic field around the coil which 


Figure 3-4. Coil with AC flowing through it. 


expands and collapses in phase with the alternating current. When the cur- 
rent is zero, the magnetic field is zero; when the current reaches its peak, the 
magnetic field has reached its maximum value. Evidently, since the field 
starts from zero and builds up to a maximum, it is an expanding field. This 
expanding field must cut through the conductors of the coil itself. This cut- 
ting action induces an EMF in the coil which opposes the original current. 
The process wherein an induced EMF is generated in a coil which opposes 
the original current flow is called SELF-INDUCTION. The coil of wire is 
known as the INDUCTANCE. The unit of inductance is the HENRY, and 
the abbreviation of henry is h. The symbol for inductance is L. Smaller and 
more practical units of inductance are the millihenry (mh) and the micro- 


henry (uh). 
1 millihenry = aan of a henry 
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1 microhenry = <DOaD00 of a henry 


The schematic symbol for inductance is: 
“O000™ or TTYL 
Both types will be used throughout this course. 


3-6 THE CAPACITOR 

We have thus far studied two radio parts which exert a holding-back 
effect upon current: (1) resistors and (2) coils or inductors. We shall now 
investigate another holding-back device which has a tremendous applica- 
tion in radio; the CAPACITOR. 

A capacitor is a device having, in its simplest form, two conducting 
plates separated from each other by an insulating material called a DIELEC- 
TRIC. The dielectric may be air, mica, oil, paraffined paper, etc. Figure 3-5 
illustrates a two-plate capacitor connected across a battery. (Figure 3-7 
shows the symbol for a capacitor.) 


dielectric 
lamp 


Fig. 3-5. Charging the capacitor. Fig. 3-6. Capacitor discharge. 


When the switch is closed, a certain number of free electrons on plate A will 
be attracted to the positive side of the battery. Plate A is left with a positive 
charge; at the same time, plate B will have the same number of electrons 
pushed on to it by the negative side of the battery. This electron flow conti- 
nues until a charge is built up on the capacitor plates, which develops a volt- 
age equal to the battery voltage. The plates of the capacitor are now said to 
be electrically charged. The charge on the capacitor plates depends upon the 
size of the plates (the capacity), and the force of the battery (the EMF). 
Notice that the accumulated electrons on plate B cannot cross to the other 
plate because of the insulator dielectric in between. 

When the capacitor has become fully charged, the voltage across the 
capacitor is equal to the battery voltage. If we disconnect the battery from 
the capacitor, the capacitor will continue to hold its charge. If a lamp is now 
connected across the charged capacitor (see Figure 3-6), the electrons on 
plate B. will flow through the lamp and onto positive plate A where there is 
an attraction for them. During the brief duration of the electron flow, the 
lamp will light for an instant, indicating that a current has passed through it. 
The electrons will continue to flow until plate B no longer has a surplus of 
electrons. Plate B is then said to have a zero charge. Plate B is now neutral 
and, of course, plate A will have regained its electrons so that it is also 
neutral. The capacitor is now said to be DISCHARGED. A capacitor, then, is 
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a device in which electricity may be stored for a period of time until it is rea- 
dy for use. 

A capacitor is a storage tank for electricity, just as a gallon jug, for 
example, is a storage place for water. If we force water into the jug under 
pressure, the amount of water that will go into the jug will be determined by 
the capacity of the jug and also, the pressure of force that the pump exerts 
on the water. Similarly, the amount of electricity that a capacitor will hold 
depends upon the same factors as apply to the water jug, namely, electrical 
pressure and capacity. The greater the capacity and the greater the pressure 
(voltage), the more electrons the capacitor will store up on its plates. 


3-7 CAPACITANCE 

The capacitance of a capacitor is determined by the size, shape, number 
and spacing of plates and the dielectric material. The symbol for capacitance 
is C. The unit of capacitance is the FARAD; the abbreviation for farad is FD. 
or F. Since the farad is an extremely large unit of capacitance, it is very rare- 
ly used. The smaller and more common units of capacitance are the MICRO- 
FARAD and the PICOFARAD (formerly called the micromicrofarad). The 
symbol for microfarad is uFD or uF and the symbol for picofarad is PFD or 
PF. Lower case letters such as yf and pf are also used. 
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1 microfarad ~T,000,000 of a farad 


, it 1 
1 picofarad = 1,000,000,000,000 of a farad 
The range of capacitance used in electronics may vary all the way from 
2 pf up to 3000 uf. 


3-8 THE VARIABLE CAPACITOR 

Figure 3-8 shows the schematic symbol of a capacitor whose capacity 
can be varied. This capacitor is known as a variable capacitor and is used 
wherever the capacitance in a circuit must be continuously variable as, for 
example, tuning controls in radio receivers and transmitters. 


| indic ape a 


rotor 
Figure 3-7. Figure 3-8. 
Fixed capacitor symbol. Variable capacitor symbols. 


Most variable capacitors are of the air dielectric type. A single variable 
capacitor consists of two sets of metal plates insulated from each other, and 
so arranged that one set of plates can be moved in relation to the other set. 
The stationary plates are the stator; the movable plates, the rotor, As the 
rotor is turned so that its plates mesh with the stator plates, the capcity in- 
creases. If several variable capacitors are connected on a common shaft so 
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that all may be controlled at the same time, the result is known as a ganged 
capacitor. Figure 3-9 illustrates the rotor position of a variable capacitor for 
minimum, intermediate and maximum capacity. 


A B C 


@ 
\ 


A. minimum B. intermediate C. maximum 


Figure 3-9. Variable capacitor settings. 


3-9 RESONANCE 

It has been stated that inductors and capacitors have a certain amount 
of opposition to alternating current. We call this opposition REACTANCE. 
The opposition that a capacitor offers to AC is called Capacitive Reactance 
(X,.) and an inductor’s opposition is called Inductive Reactance (Xx ). 

The capacitive reactance that a capacitor offers to AC depends upon 
the value of the capacitor and the frequency of the current. Similarly, induc- 
tive reactance depends upon the value of the inductor and the frequency of 
the current. The unit of inductive and capacitive reactance is the OHM. 

Fig. 3-10 shows an inductor and capacitor in series. If the frequency of 
the AC is such that the capacitive reactance is equal to the inductive react- 
ance, we will have a condition known as RESONANCE. Since the two com- 
ponents are in series, we refer to the circuit as a SERIES RESONANT cir- 
cuit. At resonance the two reactances cancel each other out and the current 
is at a peak. 


L 
C 
AC 
Fig. 3-10. Series Resonance Fig. 3-11. Parallel Resonance. 


For any given value of L and C, there is only one frequency that will 
cause resonance. This frequency is called the RESONANT FREQUENCY. 

Figure 3-11 illustrates a PARALLEL RESONANT circuit. The circuits 
of Figures 3-10 and 3-11 are also referred to as TUNED circuits. These cir- 
cuits are used in receivers and transmitters to select a particular frequency. 


3-10 THE TRANSFORMER 
The voltage supplied to most communities in the United States is the 
standard 117 volts AC. Many home radios require a voltage higher than 117 


32 


volts AC in order to operate satisfactorily. To fill this need, a device is incor- 
porated in those radios to step up the line voltage of 117 volts to a higher 
voltage. The device which can increase or decrease the value of an AC voltage 
is known as a TRANSFORMER. 


3-11 PRINCIPLE OF THE TRANSFORMER 

You will recall from our early discussion of AC voltage that an EMF 
will be induced in a loop of wire which cuts into a magnetic field. As long as 
there is relative motion between the loop and the magnetic field, a voltage 
will be generated. If the loop is kept stationary and the magnetic field cuts 
across the loop of wire, the result obtained will be the same as if the loop 
were in motion instead of the magnetic field. In either case, a voltage will be 
induced in the conductors of the loop. The transformer operation is based 
upon a varying magnetic field inducing a voltage in a stationary coil of wire. 


3-12 OPERATION OF THE TRANSFORMER 

Every time current flows through a conductor, a magnetic field builds 
up around the conductor. The magnetic field is in phase with the current at 
all times. Therefore, if an alternating current flows through a coil of wire, an 
alternating magnetic field will exist about this coil. This alternating magnetic 
field expands outwardly away from the coil and collapses back into the coil 
periodically. If a second coil with a lamp across it is placed in the vicinity of 
coil #1, as illustrated in Figure 3-12, the alternating magnetic field will cut 
across coil # 2 and induce an AC voltage in it; this will cause the lamp to 


Figure 3-12. Magnetic coupling. 
light. Notice that no electrical connection exists between the coils. Energy is 
transferred from coil #1 to coil #2 by means of the varying magnetic field. 
We say that the coils aae MAGNETICALLY COUPLED. This method of 


E288 «EF 1m 
5 5 
7 
SE Fp 
#1 - power transformer. #2 - RF transformer. #3 - audio trans- 


former. #4 & #5 - IF transformers. Note that either symbol #6 
or #7 may be used to represent coils of a transformer or choke. 


Figure 3-13. Transformer symbols. 
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transferring energy from one coil to another is known as TRANSFORMER 
ACTION. The entire device consisting of two coils magnetically coupled is 
known as a TRANSFORMER. Coil #1, which is connected to the voltage 
source, is called the PRIMARY. Coil # 2, in which the induced voltage is 
developed, is called the SECONDARY. 

The voltage relationship in a transformer depends directly upon the 
turns ratio of the transformer. If the secondary has twice as many turns 
as the primary, the secondary will have twice the voltage as the primary. If 
the secondary has half as many turns as the primary, it will have half the 
voltage of the primary. A transformer whose secondary has more voltage 
than the primary, is called a step-up transformer. If the secondary has less 
voltage than the primary, the transformer is called a step-down transformer. 

Figure 3-13 shows the schematic symbols of typical transformers used 
in radio circuits. 


3-13 THE POWER TRANSFORMER 

The transformer in Figure 3-14B is known as an air-core transformer. 
Its use is confined to radio frequencies and it will be considered later on. A 
transformer which is used to transfer AC power at the power frequency of 
60 Hz is known as a POWER TRANSFORMER. 


Iron Air 
core core 


A B 


Figure 3-14. lron-core and Ajir-core transformers. 


In order for a power transformer to operate efficiently, the primary and 
secondary are wound on an iron core, as illustrated in Figure 3-14A. 

Pcwer transformers can only be used on AC because an alternating mag- 
netic field is required to induce an EMF in the secondary. It is dangerous to 
apply DC to the power transformer primary. The primary has a low DC re- 
sistance and therefore, a high DC current will flow through it. This high cur- 
rent will either blow a line fuse or damage the transformer beyond repair. 


3-14 IMPEDANCE 

In a DC circuit, the only resistances that are present are those due to 
resistors or to the resistances inherent in long lengths of wire. The total 
resistance in a DC circuit is found by using the formulas on Pages 13 and 15. 

In an AC circuit, there are additional resistances. In Paragraph 3-9, 
inductive reactance and capacitive reactance were discussed. These offer 
resistance to AC just as a resistor does. The total opposition by all ‘‘resist- 
ances” in an AC circuit is called IMPEDANCE. The unit of impedance is the 
OHM. 


PRACTICE QUESTIONS — LESSON 3 
1 Alternating current: 


a. flows only in one direction 
34 
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b. reverses its direction of flow periodically 
c. flows more in one direction than in the other 
d. none of the above 


The frequency of a sine wave is: 

a. the time in seconds for one cycle 
b. the amplitude of the wave 

c. the number of cycles per second 
d. the angle of rotation 


One complete cycle has: 

a. one positive alternation 

b. one negative alternation 

c. two negative alternations 

d. a positive and negative alternation 
One kilohertz equals: 

a. 00 Hertz b. 25 Hertz c. 1000 Hertz d. 1 Hertz 
A capacitor is: 

a. two conducting plates connected by a wire 

b. a resistance 

c. two insulator plates separated by air 

d. two conducting plates separated by a dielectric 


A capacitor is: 

a. a short-circuit for DC 

b. an open-circuit for DC 

c. offers little opposition to DC current flow 
d. a DC generator 


The unit of capacitance is: 
a. henry b. coulomb c. farad d. gilbert 


The unit of inductance is: 
a. henry b. coulomb c. farad d. gilbert 


If the two plates of a capacitor touch, the capacitor is said to be: 
a. open b. good c. shorted d. avariable capacitor 


In a power transformer, DC should not be applied to the primary because: 
a. a counter EMF will be developed 
b. no load will be present 

ec. a high DC current will flow 

d. the efficiency will be poor 


In a resonant circuit: 

a. the inductive reactance is equal to the capacitive reactance. 

b. the inductive reactance is less than the resistance. 

c. the resonant frequency depends upon the inductance and resistance. 
d. the harmonics are high. 
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SECTION II — LESSON 4 
VACUUM TUBES AND SOLID STATE DIODES 


4-1 THE DEVELOPMENT OF THE VACUUM TUBE 

Edison’s incandescent electric lamp was the forerunner of the modern 
electric bulb. It consisted of a resistance wire, called a filament, enclosed 
within a glass envelope. The air within the glass envelope had been removed to 
create a vacuum. The ends of the resistance wire protruded through the glass, 
as illustrated in Figure 4-1. If a current passes through the resistance wire, it 
will heat up and glow. We can then say that the filament wire has been heat- 
ed to INCANDESCENCE. While working with his electric light, Edison dis- 
covered that the incandescent wire emitted, or boiled off, electrons. These 
electrons remained around the wire in the form of an electron cloud or 
SPACE CHARGE. This phenomenon of electron emission is known as the 
EDISON EFFECT, and is the basis of operation of all vacuum tubes. 


4-2 ELECTRON EMISSION 

Many metallic substances will emit electrons when heated to incandes- 
cence. In the previous paragraph, it was shown that the resistance wire ina 
light bulb emits electrons. These emitted electrons are wasted since they 
serve no useful purpose. 


Vacuum 


Space charge 


Emitted 
electrons 
Filament 


Figure 4-2. Positive plate 
Figure 4-1. The electric lamp. attracting electrons. 


The vacuum tube is similar to the light bulb in that it also contains a re- 
sistance wire which emits electrons when heated. The vacuum tube, however, 
is designed to make use of the emitted electrons. In addition to the resist- 
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ance wire, the vacuum tube has a positively charged collector of electrons 


called THE PLATE. The positive plate attracts the emitted electrons, as illus- 
trated in Figure 4-2. 

The purpose of the battery in Figure 4-2 is to force current through the 
filament, thereby heating it. 


4-3 THE CATHODE 
The element in the vacuum tube which supplies the electrons for the 
tube operation is known as the CATHODE. The cathode, as does the resist- 
ance wire, emits or boils off electrons when energy in the form of heat is 
supplied to it. There are two different types of cathodes used in vacuum 
tubes. They are the directly heated and the indirectly heated types. We will 
now discuss these two types in detail. 
1. THE DIRECTLY HEATED CATHODE. This type is also known by 
the name FILAMENT-CATHODE. An exam- 


yi ungsten ple of a filament-cathode is illustrated in Fig. 
nage ea 4-3. The heating current 1s passed directly 
Electron through the cathode wire, which is made of 
flow tungsten. The current heats up the cathode 


wire, which then emits electrons from its sur- 

face. Directly heated filament-cathodes usual- 

Glass ly require very little heating power. They are, 
stem therefore, used in tubes designed for portable 
battery operation because it is necessary to 

impose as small a drain as possible on these 


batteries. 
Figure 4-3. Directly All vacuum tubes are classified by tube 
heated cathode. numbers. If you desire to know the purpose 


and characteristics of a particular tube, you 

simply look up its tube number in any tube manual for the information 
wanted. 

2. THE INDIRECTLY-HEATED CATHODE. This type is also known 
as the HEATER-CATHODE and is illustrated in Figure 4-4A. Part A is a 
thin metal sleeve or cylinder coated with electron-emitting material. This 
sleeve is the cathode. Part B is a heater wire which is insulated from the 
sleeve. The heater is usually made of a tungsten material. Its sole purpose is 
to heat up the cathode sleeve to a high enough temperature so that the emit- 
ting material will boil off electrons. Note that the heater itself does not give 
off the electrons. The heater wire is known as the filament. Figure 4-4B 
shows the schematic symbol for the heater-cathode. 

Almost all present day receiving tubes designed for AC operation are of 
the indirectly-heated cathode type. We will always refer to the electron emit- 
ting surface as the CATHODE and the heater as the FILAMENT. 


4-4 FILAMENT OPERATING VOLTAGE 

The first number in a tube designation usually indicates the proper 
filament operating voltage. For example, a 6H6 tube should have its filament 
operated at 6.3 volts. All filaments should be operated at their designated 
operating voltages, which are determined by the manufacturer. If the fila- 
ment is operated above its rated voltage, the excessive current will shorten 
the filament life. Operating the filament below its rated voltage will decrease 
electron emission and lower the tube operating efficiency. 
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“Insulated heater 
or cathode 
Filament ''B" 


Cathode 


Filament 


B. Schematic symbol. 


A. Diagram 


Figure 4-4. The indirectly heated cathode. 


4-5 THE DIODE 

Let us see how electrons emitted from the cathode can be collected and 
made to do useful work. Electrons are negatively charged and will be attract- 
ed by a positively charged object. Therefore, it a positively charged object 
called a PLATE is put into the vacuum tube, it will serve as a collector of 


Plate Plate 
Cathode “Filament x—Filament 


Figure 4-5 A. Indirectly heated. Figure 4-5B. Directly heated. 


electrons. A vacuum tube which contains a plate and a cathode is known as a 
DIODE. The schematic symbol for the diode is shown in Figure 4-5. B isa 
directly-heated diode and A is an indirectly-heated diode. 

The plate and the cathode are known as the ELEMENTS of the vacuum 
tube. The diode is, therefore, a two-element tube. The heater of the indirect- 
ly-heated tube is not counted as a separate element. 


4-6 THE DIODE AS A CONDUCTOR 

Figure 4-6 illustrates a simplified schematic of a diode with the plate 
connected to the positive terminal of a battery; the cathode is connected 
through a switch to the negative terminal. The instant the switch is closed, 
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the ammeter in the circuit will register a current flow, indicating that elec- 
trons are flowing from the cathode to the plate. The diode is said to be CON- 
DUCTING. The diode conducts because the plate is positive with respect to 
the cathode. Therefore, the plate attracts to it the negatively charged elec- 
trons emitted by the cathode. The electrons flow from the plate to the posi- 
tive terminal of the battery. They then flow through the battery and back to 
the cathode, where they once more can be emitted to the plate. If the bat- 
tery voltage is increased, the plate will become more positive and will, there- 
fore, attract more electrons. Consequently, the ammeter will register a larger 
current flow. Conversely, if the battery voltage is decreased, the plate will 
attract less electrons and the ammeter will register a smaller current flow. 


Cathode 
Electron 
cloud 
fil.bat. platebat. 
Figure 4-6. Electron flow Figure 4-7. Diode action 


when plate is positive. when plate is negative. 


When the diode conducts, it presents a very low resistance path be- 
tween the cathode and plate. For all practical purposes, we can consider a 
conducting diode as a closed switch (short circuit) between the cathode and 
plate. | 


4-7 THE DIODE AS A NON-CONDUCTOR 

If we reverse the battery connections, as shown in Figure 4-7, the plate 
becomes negative and the cathode positive. Since the negative plate will not 
attract electrons, the diode will NOT CONDUCT. The diode, therefore, acts 
like an open switch (open-circuit) and permits no current flow. The ammeter 
will consequently read zero amperes. The emitted negatively-charged elec- 
trons are repelled by the negative plate and remain close to the cathode 
where they form an ELECTRON CLOUD. The cloud of electrons around the 
cathode is known as a SPACE CHARGE. The space charge, by virtue of its 
large negative charge, prevents the plate from receiving any more electrons. 
When the plate becomes positive once again, the space charge is rapidly dis- 
pelled since it is attracted to the plate. The cathode is free once again to emit 
electrons to the plate. 

Let us now summarize the operation of the diode: 

1) electrons flow in one direction only - from cathode to plate. 

2) electron flow to the plate will take place only when the plate is po- 
sitive with respect to the cathode. 
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3) the current flow will vary with the plate to cathode voltage. 

4) the diode acts as a conductor (short circuit) when the plate is posi- 
tive. 

5) the diode acts as a non-conductor (open circuit) when the plate is 
negative. 


4-8 SEMICONDUCTOR DIODES 

In the early days of radio, a receiver known as a “‘crystal set’”’ was very 
popular. The original crystal sets used earphones because the amplifier tubes 
that were required to operate a speaker were quite expensive. 

When tubes became less costly and demand for speaker-operated receiv- 
ers became strong, the crystal set began to disappear. However, the “‘crystal’’ 
itself, in a somewhat different form, has made a strong comeback. Today, it 
is known as a solid-state semiconductor. 

The diode semiconductor is used in just about every radio and televi- 
sion set. Its popularity is based on the fact that, unlike the tube, it does not 
require a socket; it is light in weight and can be soldered directly into a cir- 
cuit. Furthermore, it has no filament and so its operation is instantaneous. 
The semiconductor diode works both as a rectifier and a detector. Let us see 
how this type of diode functions, why it works and also, how it differs from 
a vacuum tube. 


4-9 INSULATORS 

Certain substances and certain elements are good conductors; others are 
good insulators. Copper wire is a good conductor, while glass is a good insu- 
lator. The element iron is put in the conductor class, while other elements, 
such as pure germanium, selenium or pure silicon, are insulators. 

We can modify the characteristic of any element by mixing in other ele- 
ments. For example, we can add boron, antimony or arsenic to pure germa- 
nium or pure silicon and change these elements from non-conductors to con- 
ductors. 


4-10 DOPING 

The addition of antimony to either germanium or silicon, is known as 
doping. Since the germanium or silicon, at the start, is as pure as it can be 
made, the added element is referred to as an impurity. It takes a very small 
amount of impurity to modify the germanium or silicon so that they are no 
longer insulators. 

All elements are made up of atoms and each atom contains a nucleus 
surrounded by one or more rings of electrons. By diffusing certain elements, 
such as antimony, into pure germanium or silicon, we change the total num- 
ber of electrons in the germanium or silicon. These ‘‘doped”’ elements now 
have more electrons than they originally had. Since electrons are negatively 
charged, we refer to them as negative germanium or negative silicon. We ab- 
breviate negative germanium as n-germanium or n-type germanium. The anti- 
mony, diffused into the pure germanium or silicon is referred to as a “‘doner”’ 
element since it has, in effect, donated or contributed electrons. 

We can diffuse substances that have a deficiency of electrons into ger- 
manium or silicon. An element, such as boron, for example, likes to borrow 
electrons and so, when mixed with germanium or silicon, will take electrons 
from these substances. For this reason, we call boron an acceptor element - 
it accepts or takes away electrons. 
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When a substance or an element loses electrons, it is no longer neutral. 
It has become less negative or, stated in another way, has become more posi- 
tive. We can also refer to an atom that has lost an electron as a “‘hole’’. The 
“hole” is the positive charge around the atom due to the removal of one of 
its electrons by the acceptor. Germanium or silicon, doped with boron, is re- 
ferred to as positive germanium or positive silicon. We abbreviate this as p- 
germanium or p-silicon or p-type. We can represent n-type or p-type pictori- 
ally, as shown in Figure 4-8. The minus signs indicate an excess of negative 
charges; the plus signs tell us that we have a shortage of electrons or an ex- 
cess of positive ‘“‘holes’’. 


+++++++ +4 
+++ + 


+++ + + + + + 
N-type P-type 


Figure 4-8. N-type and P-type germanium or silicon. 


N-type material does have a small amount of positive holes along with 
the vast number of electrons. We refer to these positive holes as ‘‘minority 
carriers’. The electrons are referred to as “majority carriers”. A similar situa- 
tion exists in P-type material. There are a few negative (electron) minority 
carriers, along with a large number of positive (holes) majority carriers. 


4-11 THE SEMICONDUCTOR DIODE 

If we take a block of p-type germanium and a block of n-type germa- 
nium (or silicon) and put them together, we will have a semiconductor 
diode. The semiconductor diode is referred to as a solid-state device. 


Fig. 4-9A. Forward biasing. Fig. 4-9B. Reverse biasing. 


In Figure 4-9, we have a battery connected across our two blocks of 
doped germanium or silicon. In drawing A, the negative terminal of the bat- 
tery is connected to the n-type material, while the positive terminal is con- 
nected to the p-type material. Connecting a voltage in this manner is known 
as biasing. Electrons will now flow from the battery, through the n-type ma- 
terial, into the p-type material and back to the battery. The reason for the 
current flow is that the battery urges or forces electrons into the n-type 
block, which already has more electrons than normal. The electrons migrate 
over to the p-type block since this region is more positive and attracts them. 
However, as electrons leave the p-type block to the battery, more electrons 
from the n-type block cross the juntion between the two blocks, and so the 
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process is a continuous one. The current that flows is referred to as a for- 
ward current. The voltage producing this current is then called a forward 
voltage or forward bias. 

Now examine drawing B. The only difference is that we have reversed 
the polarity of the battery. As a result, very little current flows. The small 
current that does flow, moves in an opposite direction to the way it pre- 
viously moved. We, therefore, call it a reverse current and the battery voltage 
is referred to as a reverse voltage or reverse bias. 

Aside from the fact that the semiconductor diode in Figure 4-9 does 
have a small amount of reverse current, its basic action is very much like the 
vacuum tube diode described earlier in this lesson. Note that there is no fila- 
ment or cathode to be heated and so, unlike the tube, the semiconductor 
diode does not get warm or hot when operating. Therefore, since we do not 
need to wait for the filament or cathode to get hot enough to emit electrons, 
the semiconductor diode acts at once. 

Figure 4-10A illustrates the symbol for the standard type of diode. Fig- 
ure 4-10B is the symbol for a special type of diode called a Zener diode. 
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Fig. 4-10A. Common diode. Fig. 4-10B. Zener diode. 


PRACTICE QUESTIONS — LESSON 4 


1 The diode tube has: 
a. oneelement b. twoelements oc. threeelements d. four elements 


2 Electron emission: 
a. is undesirable in vacuum tubes 
b. is necessary for the operation of a light bulb 
c. can only take place when the filament is cold 
d. is the giving off of electrons by a metal when heated to incandescence. 


3 The plate is: 
a. a positively charged collector of electrons 
b. a positively charged emitter of electrons 
c. not necessary for the operation of a diode 
d. connected directly to the cathode 


4 The cathode: 
a. is not necessary for the operation of a diode 
b. is a positively charged collector of electrons 
c. repels electrons 
d. emits electrons for tube operation 


o The diode acts as an open-circuit: 
a. when the tube conducts 
b. when the plate is negative with respect to the cathode 
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c. when the plate emits electrons 
d. when the cathode is negative with respect to the plate 


A diode tube allows current to flow: 
a. only from cathode to plate c. in either direction 
b. only from cathode to heaters d. straight up 


When the plate of a diode is positive, relative to the cathode: 
a. current will flow from plate to cathode 

b. the cathode stops emitting 

c. the tube conducts 

d. an electron cloud forms 


What are the majority carriers in N-type material? 
a. holes b. electrons c. protons d. neutrons 


Which of the following creates N-type material when diffused into germa- 
nium? 3 


a. antimony b. boron c. selenium d. copper oxide 
In semiconductor conduction, a “‘flow of holes’”’ refers to: 

a. a flow of positive carriers c. a flow of protons 

b. a flow of electrons d. a flow of neutrons 
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SECTION II — LESSON 5 
RECTIFICATION, FILTERING 


5-1 RECTIFICATION 

Vacuum tubes in receivers and transmitters will only operate when con- 
nected to a direct current source of power. Portable radios, for example, are 
energized by batteries which are in themselves a source of direct current. As 
previously noted, the electrical power that is delivered to most homes 
throughout the country today is alternating current. If we were to connect 
the tubes in our radios directly to the AC wall outlet, the radio would not 
operate because a radio tube needs a source of DC power. We all know that 
our radios DO operate when we plug them into the AC socket. Obviously, 
there must be something in the radio which converts the alternating current 
into direct current. The device in a radio which converts the alternating cur- 
rent into direct current is known as a RECTIFIER. The process of conver- 
sion is known as RECTIFICATION. 


5-2. THE DIODE AS A HALF-WAVE RECTIFIER 

The ability of the diode to pass current in only one direction makes it 
possible to convert alternating current into direct current. Let us see how 
this takes place. Figure 5-1 illustrates a simple diode rectifier circuit. 


Figure 5-1. Diode used Figure 5-2. Half-wave 
as half-wave rectifier. rectifier wave-forms. 


When terminal ““B” of the AC generator is positive with respect to termi- 
nal “‘A’’, the diode plate becomes positive with respect to its cathode. The 
diode, therefore, conducts current in the direction indicated by the arrow. 
The DC milliammeter will deflect to the value of the current flow. 

On the next half of the alternating current cycle, the polarity of the 
generator will be reversed, making the plate negative with respect to the 
cathode. The diode becomes a non-conductor, and the current will stop — 
flowing. On the next cycle, the polarity of ‘‘A” and “B”’ will again reverse 
itself. The diode will‘conduct and once again, current will flow. Examination 
of Figure 5-2 shows what is really happening. Figure 5-2A is the sine wave 
which is generated across the terminals of the AC generator. Figure 5-2B is 
the wave which is obtained across the load resistor R. Alternations 1, 2 and 3 
are the positive halves of the cycle when the plate of the diode is positive 
with respect to the cathode. At that time, the diode conducts and acts as a 
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short circuit. The positive voltage alternations are therefore impressed direct- 
ly across the resistor R. During the negative half of each AC cycle, the tube 
does not conduct and is an open circuit. During these times, there is no volt- 
age developed across the resistor since there is no current flow. The current 
through the resistor is therefore a pulsating direct current, and the voltage 
across the resistor is a pulsating direct voltage. Even though the current flows 
in spurts or pulses through the resistor, the current is DC because it flows 
only in ONE direction. This action of the diode in passing only one-half of 
the AC input wave to the load resistor is known as HALF-WAVE RECTIFI- 
CATION. 

The ends of the load resistance have been marked with a polarity be- 
cause electrons are entering and emerging from this resistance. The end they 
enter becomes more negative than the end from which they emerge. The 
pulsating direct-voltage, if properly filtered, can be utilized to operate a 
radio receiver. 

A transformer can be considered as an AC generator. We can, therefore, 
replace the AC generator of Figure 5-1 with a transformer as shown in Figure 
5-3, without altering the operation of the circuit. 


Figure 5-3. Diode used as half-wave rectifier. 


5-3 THE DIODE AS A FULL-WAVE RECTIFIER 

In half-wave rectification, only the positive half of the AC input is used. 
The negative alternations are completely cut off and wasted. If we could 
somehow utilize the negative as well as the positive alternation, we would be 
operating our rectifying system more efficiently. This is accomplished in full- 
wave rectification. 

We can modify the half-wave rectifier circuit of Figure 5-3 by adding 
another diode and center-tapping the transformer secondary. The resulting 
circuit is illustrated in Figure 5-4. The cathodes of the diodes are connected 
together, and the circuit is known as a FULL-WAVE RECTIFIER. 

The operation of a full-wave rectifier is as follows: When an AC voltage 
is impressed across the primary of the transformer, an AC voltage will be in- 
duced across the secondary. When point ‘“‘A”’ is positive with respect to point 
**B”’, the plate of diode #1 is positive and the tube conducts. The electrons 
flow through the transformer, from A to C, out of C into the load resistance 
R,, and back to the cathode of diode #1. During all this time, the plate of 
diode #2 is negative and does not conduct. On the next half of the AC cycle, 
the bottom of the transformer, point “‘B’’, goes positive while the top, point 
**A’’, goes negative. The plate of diode #2 is now positive and the plate of 
diode #1 is negative. Now, diode #2 conducts and diode #1 does not. The 
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Figure 5-4. Full-wave rectifier. Figure 5-5. Full-wave rectifier wave-forms. 


electrons flow through the transformer from B to C, into the load resistor 
R,, and back to the cathode of diode #2. Notice that the current flows 
through the resistor in the same direction during both the positive and nega- 
tive halves of the input cycle. We have very definitely used both halves of the 
AC input cycle, and have accomplished full-wave rectification. Figure 5-5A 
shows the AC across the transformer secondary. Figure 5-5B shows the 
pulsating DC flowing through the load. Compare this output with the recti- 
fied wave picture of Figure 5-2B. 

The pulsating DC output of Figures 5-2 and 5-5 are not pure DC. The 
amplitude of a pure DC wave is constant. In order to change pulsating DC 
into pure DC, a filter is used. The filter, which contains capacitors and 
chokes, removes the ripple from the pulsating DC and gives us pure DC. 
The output of a full-wave rectifier is easier to filter than that of a half- 
wave rectifier. 


5-4 SUMMARY OF RECTIFICATION 

(1) A single diode may be used as a half-wave rectifier for converting 
AC to DC. Only half of the input AC wave is used, and the full voltage of the 
secondary of the power transformer is obtained as useful DC output. 

(2) A double diode may be used as a full-wave rectifier. Both halves of 
the AC wave are used, and the output voltage is only half of the total trans- 
former secondary voltage. 


PRACTICE QUESTIONS — LESSON 5 


1 A rectifier is used to: 
a. change DC to AC 
b. change AC to DC 
c. increase the ripple frequency 
d. improve voltage regulation 


2 The primary characteristic of a diode is: 
a. it passes current in both directions 
b. it passes current in one direction only 
c. it does not pass current 
d. it is used to convert DC to AC 


3 A half-wave rectifier contains: 
46 i. 


a. one diode b. two diodes c. no diodes d. an insulator 


4 A full-wave rectifier requires a minimum of: 
a. one diode b. two diodes c. three diodes d. four diodes 


o A diode becomes a non-conductor when: 
a. the plate is positive c. the load resistor is connected 
b. the plate is negative d. the current source is on 


6 The output voltage of a full-wave rectifier is equal to approximately: 
a. the voltage of the full transformer secondary. 
b. the voltage of half the transformer secondary. 
c. the voltage of the full transformer primary. 
d. the voltage of half the transformer primary. 
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SECTION II — LESSON 6 
TUBES AND TRANSISTORS 


6-1 INTRODUCTION 

Lessons 4 and 5 covered the construction and purpose of a diode vacu- 
um tube. We studied the action of the diode vacuum tube as a rectifier in 
changing alternating current to direct current. We will now go into the de- 
tails of the operation of the vacuum tube when used as an amplifier. An am- 
plifier makes larger, or amplifies, small AC voltages. The vacuum tubes that 
are used for amplification purposes are three, four and five element tubes. 
The three element tube is called a TRIODE; four and five element tubes are 
called TETRODES and PENTODES respectively. We shall now proceed to 
study each one of these tubes in detail. 


6-2 THE TRIODE 

The TRIODE is different from the diode in that it contains one more 
element. This new element is called the CONTROL GRID. The control grid 
is a thin piece of wire wound in the form of a spiral mesh which surrounds 
the cathode. Electrons emitted by the cathode can pass easily through the 
grid structure and onto the plate. Figure 6-1A shows the actual physical ar- 
rangement of the cathode, grid and plate structure in a typical triode. Notice 
that the grid is placed much closer to the cathode than to the plate. 
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Figure 6-1. The triode. 


Figure 6-1B illustrates the schematic representation of the triode. The 
grid is shown by means of a dotted line between the cathode and plate. 


6-3 OPERATION OF A TRIODE 

Figure 6-2 shows a triode circuit which is used to study the effect of 
grid voltage variations upon the plate current. The symbol for the plate volt- 
age is E,. The plate voltage is measured between the plate and cathode. The 
symbol for plate current is I,. Plate current is measured by placing an am- 
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meter in series with the plate circuit. E, is the symbol for control grid volt- 
age, measured between the control grid and the cathode. All tube voltage 
measurements are taken with the cathode as a reference point. 


Figure 6-2. Efffect of grid voltage on plate current flow. 


Note the letters A, B and C that are near the battery symbols in the dia- 
gram (Figure 6-2). These letters indicate the voltages applied to the different 
elements in the tube. The ‘‘A”’ voltage is applied to the heater or filament. 
The “‘B” voltage is applied to the plate; the ‘‘C’’ voltage is applied to the 
grid. ““S” is a three-position switch in the control grid circuit. With the 
switch in position #1, the control grid is connected directly to the cathode. 
With the switch in position #2, the control grid is connected to the negative 
terminal of the battery. With the switch in position #8, the control grid is 
connected to the positive terminal of a battery. Let us see how changes in 
the control grid voltage affect the operation of the triode. With the switch in 
position #1 and the plate positive, electrons will flow from the cathode 
through the grid structure to the plate. Since the grid is connected directly 
to the cathode, it will not affect the flow of plate current. Therefore, all the 
emitted electrons will pass through the grid and onto the plate. 

If the switch is thrown to position #2, the grid becomes negative with 
_ respect to the cathode. The negatively charged grid will repel many of the 


Cathode_ Grid 


Plate 


Figure 6-3. Effect of negative grid on plate current flow. 


negatively charged electrons back into the area surrounding the cathode. 
Hence, the number of electrons which are able to reach the plate is reduced. 
This effect is illustrated in Figure 6-3. The milliammeter in the plate circuit 
will show a reduction in plate current when the grid voltage is changed from 
a zero voltage to a negative voltage. 
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If the switch is thrown to position #8, the grid becomes positive with 
respect to the cathode. The plate current will increase since the positive con- 
trol grid attracts the negative electrons and allows many more electrons to be 
drawn to the plate than it did in switch position #1 and #2. A positive grid 
actually pulls electrons from the cathode to the plate. Thus, we see how the 
control grid acts as a control valve for plate current flow. As we vary the 
voltage on the grid, the plate current varies. The control grid, therefore, con- 
trols the flow of electrons to the plate. 


6-4 THE TRIODE AS AN AMPLIFIER, 

In Paragraph 6-1, it was stated that multi-element tubes are used to am- 
plify weak signals. We will now proceed to study the exact manner in which 
a triode tube amplifies a signal voltage that is applied to its control grid. 

The control grid is physically much closer to the cathode than the plate 
is. The grid voltage will, therefore, have a greater effect on the plate current 
than will the plate voltage. A small change in grid voltage will cause a large 
change in plate current; whereas, a small change in plate voltage causes a 
small change in current. Let us see, graphically, how a changing voltage such 
as an AC signal on the grid of a triode, causes the plate current to vary. Fig- 
ure 6-4 illustrates a triode whose plate is connected to a fixed B+ voltage. 
The grid is in series with an AC generator and a fixed bias voltage. The total 
voltage between the grid and cathode will always be the sum of the signal 
voltage and the bias voltage. 

In order to understand how a tube amplifies, we must refer to the grid 
voltage, plate current curve of Figure 6-5. It is not necessary to understand 
thoroughly the derivation of the curve; however, the reader should know 
that the curve is simply a graph that tells us what the plate current is when a 
certain voltage is applied to the grid. In the discussion, we will assume a 
signal voltage of one volt. 

Let us see what happens on the positive half-cycle of the AC signal. 
Since the signal voltage of +1 volt and the -3 volts of bias are in series, the 
resultant voltage between grid and cathode will be -2 volts. (The sum of +1 
and -3 = - 2). On the negative half of the AC cycle, - 4 volts will be applied 
between the grid and cathode of the tube. (The sum of -1 volt and -3 volts 
= -4 volts). From the Ip - Eg curve of Figure 6-5, it can be seen that when 
there is no AC signal applied to the grid, the plate current will be fixed at 8 
milliamperes because of the three volts of bias supplied by the bias battery. 
The value of 8 milliamperes is obtained from the curve by working vertically 
from the -3 volts point on the grid voltage line until the curve is reached. 
From this point we go straight across until we hit the vertical plate current 
line. In this case, we reach the vertical line at 8 milliamperes. On the peak of 
the positive half of the AC signal (when there are -2 volts on the grid), the 
plate current rises to 10 milliamperes. On the negative half of the incoming 
signal (when there are -4 volts on the grid), the plate current decreases to 6 
milliamperes. Note that the waveform of the plate current variation is an 
exact reproduction of the AC signal applied to the grid of the tube. A 2 mil- 
liampere variation is caused in the plate current by applying a one volt signal 
to the grid. 

Thus far, we have converted grid voltage variations into plate current 
variations. In order to make use of these plate current variations, some de- 
vice must be placed in the plate circuit to act as a load across which the vary- 
ing plate current will develop a varying voltage. The plate load may be a 
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Figure 6-4. 
Triode with an AC signal 
on the grid. 
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Figure 6-5. Plate current wave-form 
resulting from an AC grid voltage. 


resistor, an inductor or a tuned circuit. Figure 6-6 shows a resistor used as a 
plate load in a triode amplifier circuit. Except for the plate load resistor, this 
circuit is the same as that in Figure 6-4. As we explained before, the 1 volt 
signal will cause a total plate current variation of 4 milliamperes (from 6 to 
10 ma.). This 4 ma. variation will cause a total voltage variation of 40 volts 
to be produced across the 10,000 ohm resistor. This can easily be proven by 


Figure 6-6. Triode using a resistor as a plate load. 


Ohm/’s law. One form of Ohm’s law states that: E=Ix R, E = .004 x 10,000 
E = 40 V. Thus it can be seen that a 2 volt AC signal (2 volts peak to peak) 
can produce a 40 volt variation in the plate circuit. In other words, the ori- 
ginal signal or variation that was applied to the grid has been AMPLIFIED 
twenty times. 
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From Figure 6-5 it can be seen that the voltage variation in the plate 
circuit is not only an amplified, but also a faithful reproduction of the grid 
signal. The circuit in Figure 6-6 is, therefore, the basis for all amplification 
circuits in radio and television. 

Figures 6-7 and 6-8 illustrate schematic diagrams of the tetrode and 
pentode vacuum tubes. Their operation is similar to that of the triode. The 
extra elements make up for some of the deficiencies of the triode. 
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Fig. 6-7. Tetrode tube. Fig. 6-8. Pentode tube 


6-5 PLATE POWER INPUT 

The DC plate power input to a tube is equal to the product of the DC 
plate voltage and the DC plate current. For instance, if the plate voltage is 
750 volts and the plate current is 150 milliamperes, the power input is 
112.5 watts. We arrive at this in the following manner: 


Power input in watts = Ep x Ip = 750 x .15 = 112.5 watts 7 


Note that the 150 ma. was changed to amperes by moving the decimal three 
places to the left. 


6-6 THE TRANSISTOR 

From what we have learned about tubes in the previous lesson, we 
know that we can make a diode into a triode by adding a new element called 
the control grid. This single, added electrode makes a tremendous difference, 
for the triode tube can amplify, whereas the diode cannot. Thus, it was the 
triode that advanced receivers from the headphone state to speaker opera- 
tion. 

In a similar manner, semiconductor triodes that amplify can be made 
from the semiconductor diodes previously described. Figure 6-9 illustrates a 
pair of P-N diodes placed back to back. The drawing shows that the two 
diodes have been pushed together. 

Combining the two diodes of Figure 6-9 gives us the unit shown in Fig- 
ure 6-10. We still have our pair of semiconductor diodes because we can 
divide the combined center of N section into two parts. Figure 6-10 is 
known as a transistor. The transistor of Figure 6-10 is called a P-N-P type. 
However, if we go back to our two diodes of Figure 6-9 and turn them 
around, we can have the two N-sections on the outside and the two P-sec- 
tions joining each other. In this case, the transistor would be an N-P-N type. 
Figure 6-11 shows the N-P-N type. 

Combining the N and P material in the above manner gives us the basic 
transistor. Transistors are capable of amplifying. Figure 6-12A shows an ele- 
mentary transistor amplifier circuit. The E stands for emitter, the B for base 
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Figure 6-9. Figure 6-10. A P-N-P 
Two diodes - P-N and N-P. transistor from two diodes. 


Figure 6-11. An N-P-N transistor from two diodes. 


and C for collector. The input signal is applied between the emitter and base; 
the amplified output signal is taken from the load resistor that is across the 
collector and base. 


6-7 TRANSISTOR SYMBOLS 

There are two transistor symbols; one for the P-N-P type and the other 
for N-P-N. The symbol in the circuit of Figure 6-12A is that of an N-P-N 
transistor. The P-N-P symbol is exactly the same, except that the arrow in 


the emitter points inward, as shown in Figure 6-12B. 
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Figure 6-12. A basic transistor amplifier circuit. 
PRACTICE QUESTIONS — LESSON 6 
1 Increasing the negative voltage on the control grid will: 
a. decrease the plate voltage c. decrease the plate current 
b. increase the plate current d. have no effect on the plate current 
2 The grid voltage of an indirectly heated tube is the voltage between the: 
a. grid and cathode c. grid and filament 
b. grid and plate d. grid and B+ 


3 The tube that cannot amplify is the: 
53 


10 


a. pentode b. tetrode c. triode d. diode 


An increase in positive grid voltage causes the plate: 
a. current to decrease c. resistance to increase 
b. current to increase d. voltage to increase 


The DC plate power input to a tube having a plate voltage of 800 volts 
and a plate current of 85 ma. is: 
a. 6,800 W. b. 68,000 W. c. 680 W. d. 68W. 


The DC plate power input to a tube having a plate voltage of 550 volts 
and a plate current of 120 ma. is: 


a. 66,000 W. b. 670 W. c. 66 W. d. 660 W. 

A triode has: 

a. no grids b. one grid c. two grids d. three grids 
A pentode has: 

a. no grids b. one grid c. two grids d. three grids 
A transistor’s base is similar to a tube’s: 

a. filament. b. collector. c. grid. d. cathode. 
Which of the following are found in a transistor? 

a. plate and emitter c. emitter and diode. 

b. collector and cathode. d. collector and emitter. 
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SECTION II— LESSON 7 
AUDIO AMPLIFIERS 


7-1 INTRODUCTION 

At this point, we understand that when a small amplitude signal is ap- 
plied to the grid of a triode or pentode, it will be amplified and will appear 
many times larger in the plate circuit. This property of grid-controlled vac- 
uum tubes makes possible their use as AMPLIFIERS. An amplifier may be 
defined as a device which transforms a small input signal into a large output 
signal. 


7-2 AMPLIFIER APPLICATION 

Amplifiers find many practical applications. For example, the signal 
that is developed in the crystal pickup of a record player is much too weak 
to be applied directly to a loud-speaker. This weak signal must first be ampli- 
fied (made larger) before it can properly drive a loud-speaker. A lecturer ad- 
dressing an audience in a large auditorium must have his voice amplified in 
order for him to be heard by everyone in the hall. The amplifier that accom- 
plishes this is called a PUBLIC ADDRESS SYSTEM. Amplifiers are also ex- 
tensively used in fields such as motion pictures, electrical recording and 
photoelectronics. Since amplifiers find such a wide application, it is impor- 
tant that we thoroughly understand their operation. 


7-3. A TYPICAL AMPLIFIER 

Figure 7-1 illustrates a simple amplifier. This amplifier consists of the 
following basic components: 
a vacuum tube, such as a triode or pentode. 
a power source for the filament of the vacuum tube, which is called 
an ‘‘A’’ supply. 
a source of DC power (B+) for the plate circuit of the vacuum tube, 
which is called a “‘B”’ supply. 
a bias voltage supply called a “‘C”’ supply. 
a means of coupling the amplified signal from the plate circuit to 
the load. In Figure 7-1, the transformer couples the signal from the 
plate to the speaker. 

When an amplifier consists of one tube, it is called a one-stage amplifier. 
If additional amplification of the signal is required, a second vacuum tube is 
connected in series with the first tube. The amplifier is then a two-stage am- 
plifier; the vacuum tubes are said to be connected in CASCADE. 
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7-4 AMPLIFIERS USED IN RADIO RECEIVERS 

The modern radio receiver uses two types of amplifiers in its operation. 
They are: 

1. THE RADIO-FREQUENCY (RF) AMPLIFIER: This amplifier am- 
plifies the weak radio-frequency signals picked up by the antenna of the 
receiver. A radio frequency signal is a high frequency radio wave (usually 
above 30 kiloHertz (kHz) which is sent out into space by the radio transmit- 
ter. 


DD 


Kem 


Fig. 7-1. Simple one-stage amplifier circuit. 


2. THE AUDIO-FREQUENCY (AF) AMPLIFIER: This amplifier am- 
plifies the sound frequencies or audio frequencies which are then applied to 
the loud-speaker. Audio frequencies are in the range between 16 and 16, 000 
eye 


7-5 SOUND 

An audio amplifier is used to amplify the small signal output of a 
microphone. The action of a microphone depends upon certain character- 
istics of a sound wave. We have, therefore, reached a point in our discussion 
of amplifiers where a brief resume of the nature of sound becomes necessary. 

SOUND is defined as a disturbance in a material medium caused by the 
vibration of any body at a certain definite frequency. A sound wave travels 
through a material medium, such as air or steel, in the form of a compres- 
sional wave. This compressional wave travels out from a region of disturb- 
ance in exactly the same manner as ripples do when a pebble is dropped into 
a pool of water. Vibrating objects, such as your vocal cords, cause regions of 
compressed air, followed by rarefied air, to move outward and away from 
them in the form of concentric spheres. These vibrations or disturbances 
reach the ear and cause the eardrum to move inward and outward, according 
to the pressure exerted by compressions and rarefactions. The human ear is 
capable of hearing such disturbances only if they occur within the range 
from 16 to 16,000 cycles per second. The FREQUENCY RESPONSE of the 
ear is, therefore, said to be from 16 to 16,000 Hz. This range of frequencies 
is designated by the term AUDIO FREQUENCIES. Although a frequency 
vibration of 30,000 Hz will cause the diaphragm in the ear to vibrate, the 
nerves in the ear are incapable of detecting the vibration. 

Most of the sound frequencies caused by SPEECH lie between 200 and 
3,000 Hertz. Therefore, sound equipment that is used only for voice com- 
munication need not be capable of handling audio frequencies beyond this 
range. 


7-6 THE MICROPHONE 

An amplifier can only amplify an electrical signal. Therefore, a sound 
such as music or voice must first be converted into an equivalent electrical 
signal in order that it may be amplified. 

A microphone is a device which translates or converts sound impulses 
into changing electrical potentials called the signal. The signal, which is now 
of an electrical nature, can be impressed between the grid and cathode of the 
first amplifier tube for purposes of amplification. 


56 


7-7 THE REPRODUCER 

The process of amplification consists of three individual steps: 

1. Conversion of sound energy to electrical energy by the microphone. 

2. Amplification of the converted electrical energy. 

3. Conversion of the amplified electrical energy back into sound 
energy through the reproducer. 

There are two basic types of reproducers in use today that are of inter- 
est to the radio amateur. One is the headphone and the other is the loud- 
speaker. One type of headphone consists of an electromagnet and a metallic 
diaphragm. The audio energy enters the coil of the electromagnet and causes 
the diaphragm to vibrate accordingly. The vibrating diaphragm produces 
sound. 

A common type of loudspeaker consists of a permanent magnet and a 
coil (voice coil) attached to a cone. The audio currents are fed to the voice 
coil which reacts with the permanent magnet, causing the cone to vibrate. As 
the cone vibrates, it produces sound. 


PRACTICE QUESTIONS — LESSON 7 


1 The frequencies that the human ear can hear are: 
a. from 30 - 50 kHz c. 16-16, 000 Hz 
b. 20, 000 - 30, 000 Hz d. 16, 000 - 20, 000 Hz 


2 A microphone converts sound into: 
a. magnetic energy c. direct current 
b. electrical energy d. vibrations in the air 


3 One type of reproducer is: 
a. a speaker b. a microphone c. anamplifier d. a magnet 


4 An amplifier is defined as a device that 
a. converts AC to DC 
b. converts DC to AC 
c. transforms a small signal into a larger signal 


d. uses a crystal pickup ~ 
5 A bias supply is called a: 

a. speaker b. “B” supply cr "O supply d#"plate circuit 
6 The plate supply is called a/an: 

a. ““B”’ supply b. “C” supply c. “A” supply  d. power source 
7 The filament supply is called a/an: 

a. “A”? supply __b. ““B” supply en" OC supply" ds -“F supply 
8 The input to a triode amplifier is fed to the: 

a. plate b. filament c. cathode d. grid 
9 The vibrating cone in a speaker: 

a. picks up energy from the air c. amplifies sound 

b. transmits energy to the air d. reproduces RF 


10 An RF amplifier will amplify signals whose frequencies are: 
a. between 20 and 16,000 Hz. 

b. between 30 kHz and 50 kHz. 

c. above 10 kHz. 

d. above 30 kHz. 
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SECTION IIl—LESSON 8 
OSCILLATORS 


8-1 INTRODUCTION TO TRANSMISSION AND RECEPTION 

The first seven lessons of this course were devoted to the study of vacu- 
um tubes, fundamental radio theory and basic circuits. These lessons contain 
the background material for our discussion of transmitters and receivers. 
However, before we go into a detailed study of actual transmitter circuits, 
we will take a bird’s eye view of a complete communications system. Instead 
of drawing out the individual circuits for you, we will draw a series of boxes, 
each box representing a stage. (A stage is a tube with its associated parts). 
The function of each stage’will be printed inside the box. Such a diagram is 
known as a block diagram. 

Fig. 8-1A illustrates a block diagram of a radio-telephone transmitter. 
Let us see briefly what the function is of each stage outlined in the block 
diagram. The heart of the transmitter is the oscillator. Its sole purpose is to 
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Figure 8-1. Radio transmitter and receiver. 


generate a high frequency alternating current. This high frequency AC is 
called radio frequency or RF. The output of the oscillator is fed to the radio 
frequency amplifier which simply amplifies the RF output from the oscil- 
lator. The output of the RF amplifier is then fed to the RF power amplifier. 
The RF power amplifier amplifies the RF in terms of power. The power am- 
plifier then supplies the antenna with the RF power that is to be radiated 
into space. Up to this point, we have only discussed the generation and 
transmission of a radio frequency wave which, by itself, contains no intelli- 
gence. The intelligence that we desire to transmit is the audio in the form of 
voice or music. Let us see how the audio is radiated into space. 

The function of the microphone is to convert sound energy into elec- 
trical energy. The output of the microphone is applied to the modulator, 
which is simply an audio amplifier. The modulator serves two functions: (1) 
it amplifies the weak audio output of the microphone and (2) it superimposes 
the audio on to the radio frequency energy that is present at the power am- 
plifier stage by a process called modulation. The audio is combined with the 
RF wave because an audio wave by itself is not capable of traveling through 
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space. High frequency such as RF, however, is capable of traveling through 
space. Therefore, the RF acts as the ‘‘carrier’’ for the audio; the RF carries 
the audio from the transmitter to the receiver. The combined audio RF out- 
put of the power amplifier is fed to the antenna where it is radiated out into 
space in the form of electromagnetic waves. 

At the receiving end of the communications system, the electromagnet- 
ic waves induce small voltages into the receiving antenna. These signal volt- 
ages are quite weak because the electromagnetic waves have travelled some 
distance before striking the receiving antenna. Therefore, the signal voltages 
must be amplified; this is the function of the first stage in the receiver called 
the RF amplifier. The output of this stage is applied to the detector. Just as 
the oscillator is the heart of the transmitter, the detector is the heart of the 
receiver. The detector stage separates the audio from the RF carrier. The 
carrier has served its purpose in bringing the audio to the receiver. Now, all 
we are interested in is the audio. The audio output of the detector is then 
fed to an audio amplifier stage to be amplified. The amplified audio is 
applied to a speaker which converts the audio electrical variations back into 
the original sound that energized the microphone of the transmitter. 

Thus, we have briefly described the overall picture of a communications 
system. The remaining lessons will go into the details of each stage of a com- 
munications system. We will first consider the oscillator of the transmitter. 


8-2. INTRODUCTION TO OSCILLATORS 

Simply speaking, a vacuum tube oscillator is an electronic alternating 
current generator. It is a device used to generate an alternating current of 
any desired frequency. All transmitters and practically all receivers make use 
of a vacuum tube oscillator. Vacuum tube oscillators are also employed in 
various types of instruments used for testing and adjusting radio equipment. 
Because oscillators find so many applications, various types of oscillator cir- 
cuits have been developed. However, the operation of the different types of 
oscillators is fundamentally the same. 


8-3 THE OSCILLATING TUNED CIRCUIT 

The heart of an oscillator is a TUNED CIRCUIT, which consists of a 
coil and capacitor in parallel. In order to understand how a complete oscil- 
lator works, it is first necessary to see how a simple tuned circuit can pro- 
duce alternating current oscillations. An elementary oscillatory circuit is 
shown in Figure 8-2. When the switch is thrown to the left, the capacitor 
*“C”’ is placed across the battery. The coil ‘“‘L”’ is out of the circuit. “‘C”’ will 


Figure 8-2. An elementary oscillatory circuit. 


immediately charge up to the voltage of the battery. The upper plate of “‘C”’ 
will become positive and the lower plate will become negative. A certain 
amount of electrical energy is, therefore, stored up on the plates of the capa- 
citor by the charging process. If the switch is then thrown to the right, the 
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capacitor will discharge through the coil “‘L’’. The electrons will flow from 
the lower plate of “‘C’’, through the coil and back to the upper plate of ‘*C’’. 
The flow of electrons will build up a magnetic field around ‘“‘L’’. The energy 
which was stored in the capacitor has been transferred over to the magnetic 
field surrounding the coil. When ‘“‘C”’ is discharged completely, the flow of 
electrons through ‘‘L’’ tends to cease, causing the mangetic field to start col- 
lapsing. The collapsing magnetic field induces a voltage of such a polarity 
across ‘‘L’’ that it maintains the flow of electrons to the upper plate of the 
capacitor. This occurs because the magnetic field acts to prevent a change in 
the flow of current. The flow of electrons to the upper plate continues until 
it is negative with respect to the bottom plate. When the magnetic field has 
completely collapsed, the energy which was in the magnetic field has been 
transferred over to the capacitor in the form of a stored charge. The capaci- 
tor is now charged in the opposite polarity to its original charge. The capaci- 
tor again discharges through ‘“‘L’’, and the entire action as outlined above 
repeats itself. Thus we can see that the current OSCILLATES back and forth 
between the coil and the capacitor, alternately charging ‘‘C’’, first in one dir- 
ection and then in the other. This alternating current will produce an altern- 
ating voltage across the tuned circuit. The frequency of this AC voltage is 
determined by the values of “‘L”’ and “‘C’’. 

If there were no resistance in either the coil or the capacitor, there 
would be no energy loss in the form of heat. The oscillations would, there- 
fore, continue forever at a constant amplitude. However, such a situation is 
impossible in actual practice. Some resistance is always present in radio com- 
ponents, especially in a coil. This resistance causes some of the energy which 
oscillates back and forth in the tuned circuit to be transformed into heat. 
The heat, of course, is a loss of energy. Therefore, with each succeeding 
cycle, the amplitude of the oscillating voltage decreases until all of the 
energy has been dissipated. 


8-4 CONDITION FOR OSCILLATION 

In radio, it is necessary that the tuned circuit oscillations continue at a 
constant amplitude. If we want the oscillations to continue, we must make 
up for the resistance losses which occur in the L-C circuit. We must somehow 
inject electrical energy back into the L-C circuit to sustain the oscillations. 
Where is this energy to come from and how do we inject it properly into the 
L-C circuit? To clarify this question in our mind, we can compare the oscilla- 
tions of energy in the tuned circuit to a child on a swing. In order that the 
child keep swinging at a constant height, it is necessary that someone give 
the swing a little push each time the child reaches the top of his swing. In 
other words, energy must be added to the swing at the right time and of the 
right amount to overcome the friction in the hinges, otherwise the swing will 
gradually come to rest, just like the damped wave oscillations. 

In radio, the answer to the question of how to maintain oscillation lies 
in the use of the amplifying ability of the electron tube or transistor. If the 
oscillating circuit of Figure 8-2 were connected to the grid circuit of a vac- 
uum tube, an amplified version of the oscillating voltage would appear in the 
plate circuit. If we could somehow continuously feed back some energy 
from the plate circuit to the grid circuit to compensate for the resistance 
losses in the L-C grid circuit, oscillations could continue. A simple method of 
doing this is shown in Figure 8-3. L; and C, represent the tuned circuit, 
sometimes called the TANK CIRCUIT. V1 is the triode amplifier tube. Lp is 
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a coil of wire wound on the same form and next to L). Since Lp is in the 
plate circuit, it is easy to see that some of the amplified energy from the 
plate circuit is fed back to the grid circuit through the magnetic coupling be- 
tween the two coils. This energy will overcome the losses in the tank circuit, 
and oscillations will be maintained. 


Lp 


Magnetic 
coupling 


Figure 8-3. Tickler-coil oscillator or Armstrong oscillator. 


The entire circuit of Figure 8-3 is called a vacuum tube oscillator. This 
particular oscillator has found wide practical use. It is known by the names 
of: TUNED GRID OSCILLATOR, TICKLER COIL OSCILLATOR, or 
ARMSTRONG OSCILLATOR. 

Figure 8-4 illustrates the Armstrong oscillator using a transistor instead 
of a tube. 


Figure 8-4. Armstrong oscillator using a transistor. 


8-5 FREQUENCY STABILITY 

Most electronic components are effected by changes in temperature. 
Resistors, capacitors, and inductors as well as the characteristics of vacuum 
tubes and transistors will change in value when subjected to changes in tem- 
perature. In most electronic circuits, these changes in value are not critical 
and will not unduly affect the performance of the circuit. However, when 
electronic components are used in frequency determining circuits, changes 
in electrical characteristics and values also change the operating frequency of 
the circuit. When you are communicating with another amateur on a given 
frequency, he will only hear you if your transmission remains on the fre- 
quency to which he is tuned. The characteristic of a transmitter to remain 
on frequency is referred to as FREQUENCY STABILITY and the charac- 
teristic of frequency instability is referred to as frequency drift. The most 
critical circuit affecting frequency stability in a transmitter is the oscillator. 
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8-6 CRYSTAL-CONTROLLED OSCILLATORS 

The most stable of all oscillators is the CRYSTAL-CONTROLLED OS- 
CILLATOR. It has a much greater frequency stability than the Armstrong 
oscillator. The difference between the Armstrong oscillator and the crystal 
oscillator is that the oscillator tuned circuit consisting of L and C is replaced 
by a crystal substance. This crystal is usually made out of quartz, a mineral 
found in the earth. The quartz crystal has the following peculiar property. If 
a mechanical vibration is applied to the quartz crystal, an electrical voltage 
will be developed across its surfaces. On the other hand, if we apply an alter- 
nating voltage to the surfaces of the quartz crystal, it will vibrate mechanical- 
ly at the frequency of the AC voltage. This property of the quartz is known 


Crystal RF output 


Figure 8-5. Crystal-controlled oscillator. 


as the PIEZO-ELECTRIC EFFECT. The crystal, from an electrical view- 
point, acts in the same manner as a tuned circuit. If energy is injected into a 
crystal, an electrical oscillation is generated across the crystal surface, which 
continues until all of the energy has been used up. Since the vibrating crystal 
is similar to a tuned circuit, it can be placed in the grid circuit of a tuned 
plate-tuned grid oscillator, in place of the actual tuned grid circuit. A sche- 
matic of a triode crystal oscillator is shown in Figure 8-5. Energy from the 
plate tuned circuit is fed back to the grid circuit through the grid-plate capa- 
citance of the tube. The energy that is fed back to the grid circuit keeps the 
crystal oscillating. The oscillations occur at the resonant frequency of the 
crystal, and the plate circuit is tuned approximately to this frequency. The 
resonant frequency of a crystal is determined primarily by its physical 
dimensions. 


PRACTICE QUESTIONS — LESSON 8 


1 An oscillator is a/an: 
a. generator b. amplifier c. rectifier d. reproducer 


2 The basic components of a tuned circuit are: 
a. a coil and resistor in series 
b. a resistor and capacitor in series 
c. acoil and capacitor in parallel 
d. a resistor and capacitor in parallel 


3 The most stable of all oscillators is the: 
a. tuned circuit c. crystal oscillator 
b. variable frequency oscillator d. Armstrong oscillator 


4 In an oscillator, a crystal is used in place of the 
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a. L-C circuit c. load resistor 


b. choke d. coupling network 

‘he resonant frequency of a crystal is controlled by its: 

a. weight c. feedback 

b. physical dimensions d. input voltage 

A transmitter does not contain a/an: 

a. oscillator b. detector c. RF amplifier d. Modulator 
A detector is found in a: 

a. receiver. b. modulator. c. R.F. amplifier  d. oscillator. 
An important condition for oscillation is: 

a. high plate voltage c. feedback 

b. low plate voltage d. high gain 
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SECTION IIl—LESSON 9 
CONTINUOUS-WAVE TRANSMITTERS 


9-1 INTRODUCTION 

The function of a radio transmitter is to transmit intelligence by means 
of a radio frequency wave. The RF wave is radiated into space by an antenna 
system. An antenna is a device which converts AC energy into electromag- 
netic radiation known as radio waves. The RF wave traveling through space 
is then picked up by a receiver which converts the RF signal into an audio 
output. 

Radio transmitters may be divided into two types. One is the CONTI- 
NUOUS-WAVE type of transmitter, which we shall now study; the other is 
the modulated type of transmitter, which we shall study later on. 


9-2 CONTINUOUS WAVES 

Continuous waves, abbreviated CW, are radio waves of constant ampli- 
tude. In the CW transmitter, continuous waves are radiated into space by 
simply coupling the output of a vacuum tube power oscillator to a suitable 
antenna system. The International Morse Code is used to convey intelligence 
by CW communication. 

The Morse Code consists of a series of dots and dashes which represent 
the letters of the alphabet. In order to transmit code, the CW transmission 
must be interrupted in a dot and dash sequence. This type of emission is 
actually an RF wave broken up into sections. An oscillator is made to stop 
and start oscillating by means of a telegraph key. By allowing the oscillator 
to operate for longer or shorter amounts of time, we can produce dots and 
dashes. Figure 9-1 shows the output of an oscillator for the letter “‘D’’ (dash- 
dot-dot). 


Dash Dot Dot 


Figure 9-1. Keyed output of an oscillator 
for the letter “‘D” (dash-dot-dot). 


The symbol that is used to designate the transmission of code by inter- 
rupting a CW transmitter is “Al”. The symbols for the various types of 
transmission can be found on Page 78 
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9-3 ONE-TUBE TRANSMITTER 

In early type radio transmitters, the oscillator was directly coupled to 
the antenna system. In order to increase the power output of this type of 
transmitter, it was necessary to use a larger tube or to increase the operating 
voltages. There is a limit, however, to the amount of power that one can get 
from a one-tube transmitter. The power output of an oscillator depends 
upon RF currents in the oscillator circuit. Since these currents are relatively 
weak, very little power can be delivered to the antenna. The radiated wave, 
therefore, will also be weak. Another defect of the simple oscillator type of 
transmitter is its poor frequency stability. Figure 9-2 shows a one-tube 
transmitter. Capacitor Ca represents the antenna capacitance to ground 
which will vary as the antenna swings in the wind. This varying antenna capa- 
citance will be coupled back to the tank circuit and will cause the oscillator 
frequency to vary. The disadvantage of poor frequency stability can be over- 
come to a great extent by the use of an intermediate amplifier stage which 
serves to isolate the antenna from the oscillator. Changes in antenna capacity 
will therefore, not be reflected back into the oscillator tank circuit. At the 
same time, the amplifier amplifies the output of the oscillator and feeds a 
more powerful signal into the antenna. 


OSC. TANK 
CKT 


OSC. era | 


pa bas 
CA 
Figure 9-2. One-tube transmitter. 


9-4 MASTER-OSCILLATOR POWER-AMPLIFIER 

A transmitter consisting of an oscillator and an amplifier (or a series of 
amplifiers) is called a MASTER-OSCILLATOR POWER-AMPLIFIER, MOPA 
for short. Such a transmitter is shown in Figure 9-3. The output of the oscil- 
lator is amplified by V2. Capacitor Ci prevents the high DC voltage on the 
plate of V; from being applied to the grid of V2. At the same time, it allows 
the RF energy to get through to the grid of V2. The RF choke Li prevents 
the RF energy from flowing to ground through Rj. This is because an RF 
choke opposes the flow of RF currents. 

The master-oscillator power-amplifier type of transmitter has a decided 
advantage over the simple oscillator transmitter in that the frequency stabi- 
lity is greatly improved. High frequency stability is obtained in this system 
because the oscillator is not coupled directly to the antenna; the oscillator is, 
therefore. unaffected by any change in the antenna-to-ground capacitance. 
Changes in antenna-to-ground capacitance will merely react upon the RF 
power amplifier circuit, resulting in a decrease in the radiated power output. 
The amplifier in Figure 9-3 may feed the antenna directly, or it may be the 
first of a series of RF amplifiers, the last of which feeds into an antenna sys- 
tem. 
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Figure 9-3. Master-oscillator, power-amplifier transmitter. 


9-5 KEYING THE TRANSMITTER 

At the beginning of this lesson, we learned that the telegraph key is 
used to start and stop the operation of a CW transmitter. This causes radio 
waves to be sent out by the antenna in the form of dots and dashes. The tele- 
graph key is merely a switch which opens and closes a circuit or circuits in a 
transmitter. 

While keying may at first thought seem simple, there are many consi- 
derations which make it a very important subject for study. These considera- 
tions concern not only the simple act of forming dots and dashes by keying,- 
but also the undesired effects that may result from interrupting the opera- 
tion of the transmitter. 

A good keying system should fulfill the following requirements: 

1. There should be no radiation of energy from the antenna when the 
key is open (key up). Some energy may get through to the antenna during 
keying spaces (when the key is open). The energy that is radiated during key- 
up is called BACKWAVE. A CW signal containing backwave is very difficult 
to read because a weak signal is heard in the receiver during the space in- 
terval between dots and dashes. This signal may be almost as loud as the 
code reception. A pronounced backwave often results when the keying is 
done in the amplifier stage feeding the antenna. Backwave may also be caus- 
ed by incomplete neutralization of the final stage. This allows energy to get 
to the antenna through the grid-plate capacitance of the tube. A third cause 
of backwave may be the possible magnetic pickup between the antenna 
coupling coils and one of the low power stages. Backwave can generally be 
eliminated by shielding, by proper neutralization, and by rearranging the 
tank circuits to eliminate unwanted coupling. 

2. The keying system should allow the radiation of full powér output 
when the key is closed (key down). 

3. The code output should be free of clicks. 

When power is applied or removed from a circuit very suddenly, as is 
the case when a transmitter is keyed, the large amounts of energy that are 
thus released will surge back and forth and will result in damped oscillations. 
The damped oscillation will cause interference in nearby receivers. Interfer- 
ence will be present in the form of clicks or thumps, even though the receiv- 
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ers are tuned to different frequencies from that of the transmitter. KEY 
CLICK FILTERS are used in the keying system of radio transmitters to atte- 
nuate or reduce the clicks. A typical key click filter is shown in Figure 9-4. 
The inductance, L, causes a slight lag in the current which builds up gradual- 
ly instead of instantly when the key is closed. C and R are connected in 
series across the key to absorb the spark which tends to occur when the key 
is opened. The capacitor charges up and prevents a spark from jumping the 
gap formed by the open key. When the key is closed, the capacitor dis- 
charges through R, thereby dissipating the energy of the charged capacitor. 

4. The code output should be free of chirps. Chirps occur because the 
transmitter’s output frequency changes when the key contacts are closed and 
when they are opened. It is difficult to prevent chirps completely because 
the sudden voltage changes that occur during keying will affect the fre- 
quency. 

Some of the means by which chirping can be minimized are: use a 
regulated power supply on the oscillator, key an amplifier rather than the os- 
cillator, use a buffer stage between the keyed amplifier stage and the oscil- 
lator stage, use a separate power supply for the oscillator. 


9-6 METHODS OF KEYING 

Keying takes place in either the oscillator or amplifier stages of the 
transmitter. A number of different keying systems are in use today. Figure 
9-5 illustrates PLATE KEYING. Plate keying may be used in the oscillator 
or amplifier stages. When the key is open, no plate current can flow and the 
tube does not operate. When the key is closed, the tube operates and the 
transmitter sends out RF. The key may be used to control the plate current 
of one tube or several tubes. Plate keying is usually accomplished in the 
power amplifier circuit in transmitters which use a crystal controlled oscilla- 
tor. 
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Figure 9-4. Key click filter. Figure 9-5. Plate keying. 


In larger transmitters, the ordinary hand key cannot accommodate the 
large plate current flow without excessive arcing. The high plate voltage may 
also make it too dangerous to operate a hand key in the plate circuit. There- 
fore, some indirect method of stopping and starting the plate current is call- 
ed for. Figure 9-6 shows a relay system for indirectly controlling the plate 
current. 

A widely used method of keying is called BLOCKED-GRID KEYING. 
In this method, a high negative bias is applied to the grid of the stage to be 
keyed. This bias is sufficient to cut off plate current completely, even with 
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Figure 9-6. Indirect keying using relay. Figure 9-7. Blocked-grid keying 


excitation applied to the grid. Figure 9-7 illustrates the method of blocked- 
grid keying. Rj is the normal grid-leak resistor. R2 is a voltage dividing resis- 
tor across which the entire voltage is placed. When the key is up, the large 
negative voltage across the AB portion of R2 is applied to the grid. This volt- 
age is large enough to cut the tube off completely, regardless of the size of 
the input signal. Therefore, the stage is inoperative and there is no output 
from the transmitter. When the key is depressed, the blocking bias across AB 
is shorted out, and the only bias in the stage is the grid-leak bias. This is the 
normal bias for the stage, and the transmitter now radiates its normal out- 
put. 


9-7 INPUT POWER LIMITATIONS 
Paragraph 97.67(d) of the Federal Communications Commission’s 
Rules and Regulations states as follows: “‘in the frequency bands 3700 - 3750 
kHz, 7100 - 7150kHz (7050 - 7075 kHz when the terrestrial location of the 
station is not within Region 2), 21,100 - 21,200 kHz, and 28,100 - 28,200 
kHz, the maximum power input to the transmitter final amplifying stage 
supplying radio frequency energy to the antenna shall not exceed 250 waits, 
exclusive of power for heating the cathode of a vacuum tube(s).’’ Since these 
frequencies are those that a Novice may use, the maximum Novice input 
power is 250 watts. Also, since this rule does not limit the input power to 
the PLATE input power, we must add up all the power inputs to all the ele- 
ments of the tube or transistor, with the exception of the power used for 
the filament or cathode. In other words, if the final stage of a Novice trans- 
mitter used a tetrode vacuum tube, the input power would be equal to the 
sum of the plate input power, the screen grid input power, and the driving 
power on the control grid. An example will clarify this. 
EXAMPLE: What is the input power to the final RF stage of a Novice 
transmitter having the following voltages and currents? 


final plate voltage of 600 V. 
plate current of 80 ma. 
screen voltage of 150 V. 
screen current of 8 ma. 
filament voltage of 6.3 V. 
filament current of 500 ma. 
driving power of .6 watts. 
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SOLUTION: We first determine the plate and screen powers using the 
basic power formula: P = EI. 


Plate input = P = Ex I= 600 x .08 = 48 watts. 
Screen input = P= ExI=150x .008 = 1.2 watts. 


To arrive at the power input to the stage, we add up the plate power, the 
screen power and the driving power. We disregard the filament power. 


Input power = 48 + 1.2 + .6 = 49.8 watts. 


9-8 MINIMIZING HARMONIC OUTPUT 

The output signal of a transmitter should be a pure sine wave at the fre- 
quency at which we are transmitting. In other words, if we are transmitting a 
signal at 7,120 kHz, we should be radiating only 7,120 kHz and nothing else. 
However, this is not always the case. If we were to analyze the output of the 
transmitter, in addition to transmitting a 7,120 kHz signal, we also find that 
we are transmitting some energy at 14,240 kHz, and perhaps a slight amount 
of energy at 21,3860 kHz. The 14,240 kHz signal and the 21,360 kHz signal 
are known as HARMONICS. Harmonic frequencies are whole numbered mul- 
tiples of the fundamental frequency. The second harmonic is twice the fun- 
damental frequency, the third harmonic is three times the fundamental fre- 
quency, the fourth harmonic is four times the fundamental frequency, etc. 
In the above example, 7,120 kHz is the fundamental frequency. 14,240 kHz 
is twice the fundamental frequency and therefore, is the second harmonic. 
21,360 kHz is three times the fundamental frequency and is, therefore, the 
third harmonic. 

It is very important that the output waveform of a transmitter contain 
a minimum of harmonic components. If the harmonic components are 
radiated by the antenna, unlawful interference may result. There are many 
methods of minimizing the harmonic output of a transmitter. Some are given 
below, others will be given in some of the paragraphs and lessons later in the 
book. 

The final RF amplifier should have the following characteristics if the 
generation of harmonics is to be kept to a minimum: 

(1) The amplifier should operate with proper grid bias and grid signal 
drive. 

(2) Avoid capacitive coupling. 

(3) Use tuned circuits where possible. 

(4) Use proper plate and screen voltages. 

In addition to producing harmonic signals, a transmitter’s output may 
contain signals that are due to undesired oscillations. The undesired har- 
monics, and undesired oscillations, as well as key clicks and chirps are some- 
times referred to as SPURIOUS SIGNALS or SPURIOUS EMISSIONS. 


9-9 THE PI-SECTION OUTPUT CIRCUIT 

The Pi-section output circuit is in widespread use in both commercial 
and amateur transmitters. It provides a certain amount of attenuation of un- 
desired harmonics and it permits the transmitter to be used with a variety of 
antennas. 

Fig. 9-8 illustrates an RF stage using a pi-network output circuit. The 
pi-network circuit consists of C3, L and C4. This circuit is not too different 
from the conventional parallel resonant output circuit. C3 is the plate tuning 
capacitor and C4 is the loading capacitor. 
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Figure 9-8. An RF amplifier stage using a pi-network 
output tank circuit. Neutralization is not shown in this diagram. 


The proper tune-up procedure for the pi-network output circuit is as 
follows: 

(1) Before power is turned on, adjust C3 and C4 for maximum capaci- 
tance. 

(2) After the power has been turned on and the circuits ahead of the 
RF amplifier stage have been tuned up, adjust C3 for minimum reading (dip) 
on the plate current meter. 

(3) Reduce the capacitance of C4 slightly and observe that the plate 
current rises. 

(4) Readjust C3 for a dip in the plate current. 

(5) Reduce the capacity of C4 again and note a further rise in plate cur- 
rent. 

(6) Readjust C3 for a dip in plate current. 

(7) Repeat steps 5 and 6 until the plate current reading is at its recom- 
mended value at the “dip”’ point. C3 should be the last control to be adjust- 
ed. 


9-10 RADIO FREQUENCY INTERFERENCE (RFI) 

Radio Frequency Interference (RFI) is the interference caused to other 
equipment by the RF emissions from a transmitter. Amateur stations can 
cause RF interference to a number of other services. Some of them are: tele- 
vision receivers, standard broadcast receivers, hi-fi equipment and the tele- 
phone system. 

Television interference (called TVI) is the most important type of inter- 
ference confronting the amateur. It is discussed below in detail. Interfer- 
ence to broadcast receivers and hi-fi equipment is usually due to rectification 
of the strong RF signal in an early audio stage. This can be cured by shield- 
ing and/or bypassing of power leads, speaker leads and other interconnecting 
leads. By-passing the grid of the first audio tube to the cathode with a .001 
mfd. capacitor is important in eliminating this type of interference. 

Pickup of the transmitter signal in the telephone lines can usually be 
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cured by RF by-passing of the telephone microphone and their lines. 
RFT in P-A systems is handled in a manner similar to that of hi-fi equip- 
ment. 


9-11 TELEVISION INTERFERENCE 

Amateur transmitters frequently cause interference to television receiv- 
ers. One of the main reasons for this is the fact that the frequencies of the 
television channels are harmonically related to the amateur band frequencies. 
An example will make this clear. Let us assume that an amateur is operating 
at a frequency of 29 MHz. Regardless of how well the transmitter is design- 
ed, a certain amount of energy at the second harmonic of 58 MHz. (2 x 29 
MHz) will also be transmitted. Since television Channel 2 is from 54 to 60 
MHz, the 58 MHz signal will cause interference to Channel 2. 

One of the important methods of preventing harmonics from being 
radiated from the transmitter is to install a low-pass filter between the 
transmitter and its antenna. A low-pass filter will pass signals below a certain 
cut-off frequency and block signals above that frequency. In this way, the 
harmonics will not get through to the antenna to be radiated. In the above 
example, we would install a low-pass filter with a cut-off frequency of 40 
MHz. The 29 MHz signal would get through, but the 58 MHz harmonic 
would be suppressed. 

Figure 9-9 illustrates some simple forms of single section low-pass 
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Constant K, Pi-sec. unbalanced Constant K, T section balanced 
Figure 9-9. Types of low pass filters. 


filters, together with the designations of the filters. The designations come 
about from the fact that the appearance of the various filter configurations 
resemble letters of the American or Greek alphabet. 

Other methods of suppressing spurious and harmonic emissions from 
the transmitter are as follows: 

(1) Use a Transmatch or Antenna Tuner between the transmitter and 
the transmission line. Fig. 9-10 is a block diagram showing where the filter 
and tuner are inserted in a transmitter installation. 

(2) Use a transmitter circuit design and layout that will not cause har- 
monic and spurious signals in the TV bands. 

(3) Where possible, use link coupling and tuned circuits. 

(4) Shield the transmitter adequately. Ground all cabinets to a good 
common ground such as the cold water pipe or a ground rod. 

(5) Keep plate and screen voltages as low as possible. 

(6) Reduce excessive grid drive to the final stage. 

(7) Check all mechanical joints and connections in the antenna system 
and ground system. Make sure that they are tight and free of corrosion. 

The above paragraphs deal with television interference caused by 
spurious and harmonic output from the transmitter. Television interference 
can also be caused by receiver deficiencies. A receiver that is not highly , 
selective will respond to interfering signals outside of its frequency band. 
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Figure 9-10. Block diagram of a radio station. 


This is usually true of TV receivers located in the vicinity of a transmitter. 
For instance, let us assume that an amateur, operating at 29 MHz, has ade- 
quate harmonic suppression and transmits a clean signal. A TV receiver, 
located close by, will be swamped with the 29 MHz signal. It will overload 
the receiver’s front end and by means of rectification in the receiver, har- 
monics will be produced. The second harmonic of 29 MHz is 58 MHz. This 
falls inside of Channel 2 and will cause interference as though the amateur 
transmitter were transmitting a 58 MHz signal. 

The way to prevent this type of interference is to install a high-pass 
filter at the receiver’s antenna terminals in series with the antenna. A high- 
pass filter will pass signals above a certain cut-off frequency and reject signals 
below this frequency. We choose a high-pass filter with a cut-off frequency 
below the television frequencies. For instance, 40 MHz could be used as the 
cut-off frequency. The television signals will pass through without attenua- 
tion, but the signals below the cut-off frequency will not be allowed to pass. 
In the above example, the 29 MHz Amateur signal would be attenuated 
while the TV signals, which are above 50 MHz would pass without attenua- 
tion. Some typical single section high-pass filters are illustrated in Fig. 9-11. 
Filters with greater attenuation can be made by combining two or more 
single section filters in series. 
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Figure 9-11. Types of high-pass filters. 


Other methods of reducing TVI at the receiver end are: 

(1) Use wave traps tuned to the amateur transmitting frequency at the 
antenna and/or the power lines. . 

(2) Use an AC line filter. 

(3) Use a high gain TV receiving antenna. 
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(4) Use a shielded type of transmission line. 

(5) Check the receiving antenna for broken elements, corroded joints 
and poor electrical and-mechanical connections. Corroded joints and poor 
electrical connections can behave as rectifiers, causing harmonic generation. 


9-12 SAFETY 

High voltages are present in transmitters. They are dangerous and can 
cause severe electrical shock, or even death. The following precautions 
should be observed when working with high voltage circuits: 

1. Shut off the power from circuits that you intend to work on. 

2. Even if the transmitter has a door interlock switch, check high volt- 
age points with a meter to make sure that the door interlock switch has ac- 
tually removed the B+ when the door was opened. 

3. Short a B+ point to ground with an insulated screw driver to dis- 
charge the energy that may remain in the capacitors. 

4. If the plate voltage of the final amplifier has to be measured, the 
meter should be placed between the B+ point and the cathode (or ground) 
rather than between the plate and cathode. The plate has a high RF voltage 
on it and there is the danger of arcing or RF burns if anything touches the 
plate. 

In designing electronic equipment that will have high voltages, use 
bleeder resistors across the power supply filter capacitors. Furthermore, high 
voltage wires or circuits should not be exposed or in a position where an 
operator or other person can come in contact with them. 

All electronic equipment having high voltage, should be enclosed in 
metal cabinets. The cabinets should be connected to each other and to a 
good ground. By a good ground, we mean the cold water system or a ground 
rod. A description of a ground rod is given in Lesson 12. 


9-13 EMERGENCY TREATMENT FOR ELECTRIC SHOCK 

It is extremely important to observe the safety precautions outlined 
above. Members of your family and others around you should also be taught 
to observe all the safety precautions. However, accidents do occur. If some- 
one does receive a severe electric shock, the following emergency treatment 
should be given: 

1. If the victim is still in contact with a live circuit or live wire, imme- 
diately turn off the switch that controls the current to the live circuit. If this 
isn’t possible, take a long dry wooden pole or other insulated object and 
push the wire away from the victim. Do these things WITHOUT ENDAN- 
GERING YOURSELF. 

2. Send for medical aid AS SOON AS POSSIBLE. If another person is 
around, have him send for medical aid at the same time that you are doing 
step 1. Step 2 is extremely important. The sooner that competant medical 
aid is given to the victim, the greater are his chances of survival. 

3. Determine whether the victim is breathing. If he is, loosen his cloth- 
ing so that he can breathe easily. Keep him lying down in a comfortable posi- 
tion. Protect him from exposure to cold. 

4. If the victim is not breathing, apply artificial respiration. 
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PRACTICE QUESTIONS — LESSON 9 


In a pi-network output circuit, the input capacitor should be: 
a. tuned for minimum antenna current 

b. tuned for maximum plate current 

c. tuned for minimum plate current 

d. a and c are correct 


The principle purpose of using door interlock switches is to: 

. eliminate the need of turning off transmitter 

. act as an on-off switch 

. protect equipment against mishandling by incompetent personnel 

. prevent personnel from being accidentally shocked by dangerous 
voltages when cage to transmitter is open 


2.002 


TVI can be eliminated by a: 

a. high-pass filter at the receiver 

b. high-pass filter at the transmitter 

c. high-pass filter at the receiver and a low-pass filter at the transmitter 
d. low-pass filter at the receiver 


A Pi-network allows a transmitter to be used with a wide variety of: 
a. receivers b. microphones c. antennas d. amplifiers 


Low pass filters are used to: 
a. Reduce TVI c. increase power 
b. couple the transmitter to the antenna d. reduce SWR 


The maximum input power for a novice station is: 


a. 75 watts b. 100 watts c. 150 watts d. 250 watts 
Which of the following is not a method of keying a transmitter: 

a. plate keying c. transformer primary keying 
b. filament keying d. blocked grid keying 


By-passing the grid of the receiver’s first audio tube with a small capacitor 
will prevent: 

a. radio frequency interference c. regeneration 

b. oscillation d. grid saturation 


Interference to nearby receivers due to keying large amounts of energy in 
a transmitter can be eliminated by a: 

a. back wave filter c. key click filter 

b. low pass filter d. high pass filter 


The addition of an RF power amplifier to a one-stage CW transmitter does 
not increase: 

a. frequency stability c. number of stages 

b. output power d. antenna capacity 


In the event of a severe electrical shock, which of the following is NOT an 
initial step? 

a. Send for a doctor 

b. apply artificial respiration 

c. shut off power 

d. break victim’s contact with line circuit 
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What is the third harmonic of 3,000 kHz.? 
a. 27 kHz b. 9 MHz c. 1 MHz d. 100 kHz 


What is the power input to the final RF stage of a Novice transmitter 
having a final plate voltage of 400 V., a plate current of 50 ma., a screen 
voltage of 300 V., a screen current of 10 ma., a filament voltage of 6.3 V., 
a filament current of 500 ma., and a grid drive power of .5 watts? 

a. 20 watts b. 26.65 watts c. 23 watts d. 23.5 watts 


A Transmatch will match impedances between the: 
a. transmitter and the antenna system. 

b. receiver and the antenna. 

d. transmitter and the receiver. 

d. transmission line and the antenna. 


A key-click filter contains: 

a. a capacitor and resistor in series, both across the key 
b. two capacitors in series, both across the key. 

c. a capacitor and inductor in series, both across the key. 
d. an inductor and resistor in series, both across the key. 


In blocked grid keying: 

a. a large bias is placed on the tube when the key is up. 

b. a high voltage is placed on the plate when the key is up. 

c. a low voltage is placed on the cathode when the key is up. 
d. a low voltage is placed on the plate when the key is up. 


What is the power to the final stage of a Novice transmitter, having a plate 
voltage of 600 volts, a plate current of 125 ma., a filament voltage of 12 
volts, a filament current of 300 ma., a grid drive power of .8 watts? 

a. 79.4 watts. b. 72.2 watts. c. 75 watts. d. 75.8 watts. 
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SECTION IIl—LESSON 10 
THE MODULATED TRANSMITTER 


10-1 INTRODUCTION 

In the previous lesson, we learned how a CW transmitter operates. 
Communication by means of CW code transmission is known as RADIO- 
TELEGRAPHY. The disadvantage of radiotelegraphy transmission is that 
the radio operator must know code. In order that operators who are not 
familiar with code be able to send and receive messages directly, the trans- 
mission of speech is necessary. The transmission of audio (speech) by means 
of radio communication is known as RADIOTELEPHONY. 

A radiotelephone transmitter consists of a CW transmitter (minus the 
telegraph key), plus an audio frequency amplifier system. The audio fre- 
quency system amplifies the audio signals and superimposes them on the RF 
signal that is generated by the RF oscillator. The process of superimposing 
the audio on the RF is known as MODULATION. The RF signal is called a 
CARRIER since it “‘carries’”’ the audio through space to the receiving anten- 
na. The frequency of the signal is called the CARRIER FREQUENCY. 


10-2. AMPLITUDE MODULATION 

There are several methods of modulating a carrier. One of the basic 
methods is called AMPLITUDE MODULATION. 

In amplitude modulation, the modulating frequency is the intelligence 
(voice or music) which is to be transmitted through space to receivers many 
miles away. The modulating frequency is audio and, by itself, cannot be 
transmitted. A radio-frequency wave, however, is capable of being transmit- 
ted through space. If we combine or mix an audio-frequency wave with a 
radio-frequency wave in a special mixing circuit, we obtain an RF output 
which contains the audio and can be transmitted. Figure 10-1 illustrates a 


Figure 10-1. Radio wave modulated with voice. 


voice modulated radio frequency wave whose amplitude varies according to 
the amplitude of the audio wave, thus the term “amplitude modulation.”’ 
The frequency of this variation is the same as the audio modulating frequen- 
cy. (The abbreviation for amplitude modulation is AM). An AM wave is, 
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therefore, a radio-frequency wave which contains in its amplitude variations, 
the audio or intelligence which we desire to transmit. 


10-3 THE AM TRANSMITTER | 

A block diagram of a typical amplitude modulated radiotelephone 
transmitter is shown in Figure 10-2. Above each block is drawn the wave- 
shape of the voltage output of that particular stage. With the aid of these 
waveshapes and the block diagram layout, we shall discuss the operation of 
the radiotelephone transmitter. 


Figure 10-2. Block diagram of amplitude-modulated transmitter. 


To begin with, the oscillator stage generates a radio-frequency signal, 
called the carrier. Following the oscillator is the buffer-amplifier stage which 
amplifies the output of the oscillator and isolates the oscillator from the 
power amplifier. The final stage is the power amplifier which delivers energy 
to the antenna. Notice that the output waveshape of the final RF stage does 
not resemble the input waveshape from the buffer. The RF waveshape has 
been altered by modulation. This brings us to the modulation or audio sec- 
tion. The microphone converts the sound that is to be transmitted into elec- 
trical variations. The weak output of the microphone is fed into an audio 
amplifier (speech amplifier). The output of the speech amplifier drives an 
audio power amplifier called a MODULATOR. The modulator injects the 
audio signals into the RF power amplifier to produce the modulated RF 
output. The output of the modulated final RF amplifier is fed to the anten- 
na where it is radiated out into space. 


10-4 CHECKING THE QUALITY OF A TRANSMITTER’S EMISSIONS 

It is important for an amateur to occasionally check the quality of his 
transmitter’s emission. There are many ways that this can be accomplished. 
The simplest way is to listen to his sending on his receiver. While simple, this 
method has a serious drawback. A strong signal will overload a receiver’s 
front end and may block it to a point where it is inoperative. To overcome 
this, we can remove the receiving antenna and reduce the receiver’s gain con- 
trol. 2 
Another way to check the quality of a CW transmitter’s output is to 
use a separate monitor. In this way, we do not disturb the receiver. 

A very practical way of checking a transmitter is to get an objective re- 
port from a ham located some distance away from the transmitter. Or better 
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still, allow an amateur to operate your transmitter and listen to it on a re- 
ceiver located some distance from the transmitter. 

In addition to checking for the percentage of modulation in a radio- 
telephone transmitter, the radio operator should check for the following 
characteristics: 

(1) The audio present in the output of the transmitter should be un- 
distorted. 

(2) The signal should not “‘splatter’’ or cause interference to neighbor- 
ing frequencies. 

(3) The signal should be free of background noise. 


10-5 TYPES OF TRANSMISSION 

There are various types of transmissions that are used in radio commu- 
nication. The two methods that we have studied are: 

1. Continuous wave transmission in which the carrier is keyed accord- 

ing to the telegraph code. 

2. Amplitude modulation transmission in which the carrier is ampli- 

tude modulated with audio. 
The Federal Communications Commission classifies the various types of 
emissions by letters and numbers. Some of the more popular types are: 

TYPE AQ is the steady unmodulated emission of a CW transmitter. It 
is used only in special cases, such as radio beacon stations. 

TYPE Al, TELEGRAPHY, is the keyed emission of a CW transmitter. 
It can only be picked up by special receivers. 

TYPE A2, MODULATED TELEGRAPHY, is the keyed emission of a 
transmitter whose carrier is modulated by a pure audio note. It can be pick- 
ed up by an ordinary receiver. 

TYPE A838 RADIOTELEPHONY, is the emission of a transmitter 
whose carrier is amplitude modulated by voice, music, etc. An example of 
this type is the familiar broadcast transmitter. 


PRACTICE QUESTIONS — LESSON 10 


1 Type Al transmission refers to: 
a. AM transmission c. unmodulated telegraphy 
b. modulated telegraphy d. facsimile 


2 The symbol for radiotelephony is: 
a. Al b. AZ c. A3 d. A4 


3 A monitor is used to: 
a. check the quality of a receiver 
b. check the quality of a transmitted signal 
c. test an antenna 
d. load a transmitter 


4 An AM transmitter consists of a CW transmitter and: 
a. sideband generator 
b. a frequency converter 
c. an audio amplifier system 
d. an IF stage 
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5 The frequency of an RF signal is called: 


a. AM b. carrier frequency c. radio wave d. Al 
6 A CW transmitter does not contain a/an: 

a. key. c. modulator. 

b. oscillator. d. R.F. amplifier. 
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SECTION Ill — LESSON 11 
ANTENNAS, TRANSMISSION LINES 
AND FREQUENCY MEASUREMENT 


11-1 ANTENNA RADIATION 

Once the RF signal has been generated in the transmitter, some means 
must be provided for radiating this RF energy into space. The transmitting 
antenna provides the link or impedance matching device between the output 
stage of the transmitter and space. This energy, in the form of an electro- 
magnetic field, travels through space and cuts across a receiving antenna, in- 
ducing a voltage in it. If the receiver is tuned to the same frequency as the 
transmitter, the signal will be received and heard. 


11-2 PROPAGATION OF RADIO WAVES 

The radio wave that leaves a transmitter takes two general paths. One 
path is along the surface of the earth and is called the GROUND WAVE. The 
other path is towards the sky and is called the SKY WAVE. 

In traveling along the surface of the earth, the GROUND WAVE gra- 
dually loses its strength until it is completely diminished. On the other hand, 
the sky wave can travel for thousands of miles. 

Some distance above the earth, the sky wave strikes a gaseous mass 
called the IONOSPHERE. Here, the wave is reflected back to the earth (See 
Fig. 11-1). If a receiver is located between the end of the ground wave and 
the point where the sky wave returns to the earth, it will not pick up the 
transmitted signal. The area between the ground wave zone and the point 
where the sky wave hits the earth is called the SKIP ZONE. After the wave 
strikes the earth, it may again be reflected up to the ionosphere and back 
to the earth. In this way, a signal can travel all around the world. 
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Fig. 11-1. Propagation of radio waves. 


Frequencies above 50 MHz, generally do not reflect from the iono- 
sphere. They penetrate the ionosphere and never return to earth. 


11-3 ATMOSPHERIC EFFECTS ON PROPAGATION 
The atmosphere just above the earth is subject to a wide range of tem- 
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perature variations that directly affect the propagation of radio energy. The 
primary and most consistant cause of temperature variations results from the 
change in seasons. In addition, the changes in temperature resulting from 
cooler nights compared to sunlit days also affects the ability of the atmos- 
phere to conduct and reflect radio waves. 


11-4 THE IONOSPHERE 

As stated above, the ionosphere is a gaseous region. It is in the upper 
atmosphere and extends approximately 30 to 300 miles above the earth. It 
consists of several layers of ionized particles. The ionization is caused by the 
sun’s ultra violet rays and cosmic rays. 

When a radio wave strikes the ionosphere, it is reflected or REFRACT- 
ED back to the earth some distance away from the transmitter. The ability 
of the ionosphere to return a radio wave back to earth depends upon the ion 
density, the frequency of the signal, the angle of radiation and other factors. 

The layers which form the ionosphere undergo considerable variations 
in altitude, density and thickness, due to the varying degrees of solar or sun- 
spot activity. Every 11 years, the concentration of solar radiation (sunspot 
activity) into the earth’s atmosphere reaches a peak. We refer to this as the 
SUNSPOT CYCLE. During periods of maximum sunspot activity, the ion- 
ized layers are more dense and occur at higher altitudes. They allow for com- 
munication over greater distances. The opposite happens during minimum 
sunspot activity. See Figure 11-2. 

In addition to variations in sunspot activity, propagation of radio 
waves through the ionosphere is affected by a phenomenon referred to as 
ionospheric storms. Ionospheric storms are caused by eruptions on the sur- 
face of the sun which cause disturbances in the atmosphere. Ionospheric 
storms almost invariably result in reduced or disrupted radio communication 
for periods ranging from several hours to several days. 
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Figure 11-2. 


11-5 NOMENCLATURE OF FREQUENCIES 
The Federal Communications Commission has set up a system where- 
by the frequency spectrum is broken down into ranges and classified by 
name. This system has been universally adopted and is used by everybody in 
the electronics field. The frequency subdivisions and their ranges are as fol- 
lows: 
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Frequency subdivision 


VLF (very low frequency) 

LF (low frequency) 

MF (medium frequency) 

HF (high frequency) 

VHF (very high frequency) 
UHF (ultra high frequency) 
SHF (super high frequency) 
EHF (extreme high frequency) 
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Frequency range 


Below 30 kHz 

30 to 800 kHz 

300 to 3,000 kHz 

3,000 to 30,000 kHz 

30,000 kHz to 300 MHz 

300 MHz to 3,000 MHz 
3,000 MHz to 30,000 MHz 
30,000 MHz to 300,000 MHz 


PROPAGATION IN THE HAM BANDS 


Following is a summary of radio wave propagation. aie there are 
many factors and variables that influence radio wave propagation, the fol- 
lowing chart can only serve as an average guide. The first column lists the fre- 
quencies, the second column lists the propagation characteristics of the 
ground wave and the third column lists the propagation characteristics of the 


sky wave. 

FREQUENCY GROUND WAVE 

Low Frequency Communications 

(50 kHz - 500 are possible up to 

kHz) 1,000 or more 

miles, day or night, 
with high power 
transmitters. 

Broadcast Reception can be 

Frequencies had up to 50 to 

(500 - 1600 100 miles, day or 

kHz) night. 
160 Meter Communications 


Amateur Band 
(1.8 - 2.0 MHz) 


are reliable up to 
approximately 30 
miles, day or night. 


80 Meter 
Amateur Band 
(3.5 - 4.0 MHz) 


Communications 
are good only up 
to about 20 miles. 


40 Meter 
Amateur Band 
(7.0 - 7.38 MHz) 


Communications 
are good only up 
to about 20 miles. 


20 Meter 
Amateur Band 


Communications 
are good only up 
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SKY WAVE 


Communications are generally re- 
liable, day or night, over most of 
the band. They are slightly better 
at night. At the upper end of the 
band, the sky wave is useful only 
at night. Depending upon the time 
of day, the seasons and other fac- 
tors, useful reception can be had 
for distances up to 8,000 miles. 


There is no sky wave reception in 
the day time. At night, reception 
can be had up to 3,000 miles. 


There is very little sky wave recep- 
tion during the day. During the 
night, especially during winter sea- 
son disturbances, communications 
can be had up to 2,500 miles. 


During the day time, useful com- 
munications are possible up to 
about 150 to 250 miles. At night 
time, communication is possible 
up to 2,000 to 3,000 miles. 


During the day, useful communi- 
cation can be had up to 750 miles. 
At night, communication is possi- 
ble up to 10,000 miles. 


During minimum sunspot activity, 
there is almost world wide com- 


FREQUENCY 


(14.0 - 14.35 
MHz) 


GROUND WAVE 
to about 20 miles. 


SKY WAVE 


munications during daylight hours 
and almost no communications at 
night. During medium sunspot ac- 
tivity, world wide reception is pos- 
sible during the daylight hours and 
during the early evening hours. At 
the peak of sunspot activity, ex- 
cellent reception is possible for al- 
most 24 hours. 


15 Meter Communications World wide communications dur- 
Amateur Band are good only up\ ing day and night hours is possible 
(21.0 - 21.450 to about 20 miles. | during maximum sunspot activity. 
MHz) ! During minimum sunspot activity, 
there is no night time communica- 
tion and some daylight communi- 
cation. 

10 Meter Communications During maximum sunspot activity, 
Amateur Band are good only up excellent communication can be 
(28.0 - 29.7 to about 20 miles. | had during daylight hours and 
MHz) early evening hours. There is gen- 
erally little communication at 
night. During minimum sunspot 
activity, the band is ~‘dead’’ ex- 

cept for local communication. 
Ultra High There is little or There is generally very little reflec- 
Frequency no ground wave tion from the ionosphere, day or 
(380 - 300 propagation. The night. Occasionally, there is some 
MHz) only communica- sporadic reception for short 


tion is through the 
direct, line of sight 
wave, from the 
transmitter anten- 
na to the receiver 
antenna. 


periods of time in limited local- 
ties. 


11-7 PRINCIPLES OF RADIATION 

The currents flowing in the antenna, due to the excitation from the 
transmitter, set up magnetic and electrostatic fields which are pushed out 
from the antenna and fly off into space in all directions. The two fields, 
moving through space as an electromagnetic wave, contain the carrier and 
sideband energy and, as such, have quite definite characteristics. ‘These char- 
acteristics are: 

1. The wave has avery definite frequency which is equal to the carrier 
frequency of the transmitter. 

2. The wave travels through space at a constant velocity, regardless of 
the frequency at which it is being transmitted. This velocity is 186,000 miles 
per second or 3 x 10” meters per second. 
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3x 10° = 300,000,000 


3. The wave has a certain wave length which is defined as the distance 
between adjacent peaks, or the distance the wave travels through space dur- 
ing one cycle of the antenna current. The wave length is measured in meters 
and is given the symbol “‘L”’. 


L = wavelength in meters. 


4. An equation which ties together wavelength, frequency and velo- 
city of an electromagnetic wave is: 


300,000,000 
F 


where F is the frequency of the wave in Hertz. 
L is the wavelength in meters. 
300,000,000 is the velocity of the electromagnetic wave in free space, 
which is constant. 
If the frequency is in kilohertz, the formula becomes: 


300,000 
PE Brad wis: Sos Baths fs 
QP ey 


where L is in meters and F is in kHz. 
If we wish to solve for frequency, the formula becomes: 


300,000 


ah ee eae ag 
where L is in meters and F is in kHz. 

A few examples will clarify the use of the above formulas. 

(a) Find the wavelength of the distress frequency, 500 kHz. 


SOLUTION: Use formula No. 2. 


L (meters) = ae = a 600 meters 


(b) Find the frequency of the signal whose wavelength is 300 meters. 
SOLUTION: Use formula No. 3. 


300,000 _ 300,000 _ 
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11-8 FUNDAMENTAL ANTENNA CONSIDERATIONS 

Figure 11-3 shows an antenna or wire connected to an RF source. The 
alternating current travels out from Point A and along the wire until it 
reaches point B. Since point B is free, the wave cannot continue farther and 
bounces back, or is reflected, from this point. The distance an RF wave 
travels during the period of one cycle is known as the wavelength. If the 
wave is to travel exactly the length of the wire and back, during the period 
of one cycle, it is evident that the wire must be equal in length to one half 
the wavelength of the voltage being applied. The wire is then said to be reso- 
nant to the frequency of the applied voltage. During the negative alternation 
of the RF generator, electrons will move along the wire away from point A 
towards point B. The electrons are stopped and accumulate at point B, 
which represents a high voltage point. During the positive alternation of the 
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< 1/2 wavelength 
B 


Figure 11-3. Half-wave antenna. 


RF power source, electrons move away from point B and crowd together at 
point A, which also represents a high voltage point. In the center of the 
antenna there is, at all times, a maximum movement of electrons causing a 
high current or a low voltage point. Therefore, very little voltage will appear 
at the center of the antenna and no current will flow at the ends. Figure 11-4 
illustrates the voltage and current distribution on a fundamental half wave 
antenna. This representation of a voltage and current distribution is known 
as a standing wave pattern. The points of minimum current and minimum 
voltage are known as current and voltage nodes respectively. An antenna 
is said to be resonant when there exist standing waves of voltage and cur- 
rent along its length. Since the waves traveling back and forth in the an- 
tenna reinforce each other, a maximum radiation of electro-magnetic 
waves into space results. When there is no resonance (no standing waves), the 
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Figure 11-4. Distribution of voltage and current on a half-wave antenna. 


waves tend to cancel each other, thus dissipating their energies in the form of 
heat loss, rather than utilizing them to radiate the radio waves. Therefore, a 
resonant antenna connected to an RF generator can dissipate power because 
most of the energy leaves the antenna in the form of radiation. 


11-9 ANTENNA IMPEDANCE 

Since voltage and current vary along the length of the antenna, a defi- 
nite impedance value must be associated with each point along the antenna. 
The impedance varies according to the relative crowding of the electrons as 
the ends are approached. The impedance existing at any point is simply the 
voltage at that point divided by the current at that point. Thus, the lowest 
impedance occurs where the current is highest; and the highest impedance 
occurs where the current is lowest. When we speak about antenna impedance, 
we usually mean the impedance at the point where the transmission line 
feeds the antenna. The impedance at this point is referred to as the INPUT 
IMPEDANCE. 


11-10 PRACTICAL TRANSMITTING ANTENNAS 

Most practical transmitting antennas come under one of two classifica- 
tions, Hertz antennas or Marconi antennas. A Hertz antenna is operated 
some distance above the ground and may be either vertical or horizontal. A 
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: 
Marconi antenna operates with one end grounded (usually through the out- 
put of the transmitter or the coupling coil at the end of the feed line). Hertz 
antennas are generally used at higher frequencies, above about two mega- 
cycles, while Marconi antennas are used at lower frequencies. 


11-11 THE HERTZ (DIPOLE) ANTENNA 

A Hertz antenna is any length of wire far enough from ground so that 
it will not be influenced by grounded objects. Therefore, its physical length 
will directly determine the wavelength to which it will tune. A short length 
antenna will be resonant to a short wavelength or a high frequency; a long 
length antenna will be resonant to a long wavelength or low frequency. 
Therefore, the resonant frequency of a Hertz antenna can be changed by 
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Figure 11-5. Center-fed Hertz antenna. 


varying its physical length. This is true because an antenna acts like a reso- 
nant circuit. Figure 11-5 illustrates a center-fed, half-wave Hertz antenna. 
The physical length of the antenna is one-half of the wavelength of the signal 
that it is radiating. This type of antenna is also referred to as a “dipole”’ (or 
*“‘half-wave dipole’’) antenna. 

Since the center of a half-wave antenna is a high current point (see 
Paragraph 11-8), we can say that this antenna is current-fed by the transmit- 
ter. The impedance at the center of this Hertz antenna is about 73 ohms. 
The impedance rises uniformly towards each end of the antenna where it is 
about 2400 ohms. 

In order to find the approximate electrical length of a half-wave anten- 
na, we can use Formula 2 on Page 84 and divide the result by 2. However, 
due to end effects, diameter variation and other factors, the actual antenna 
should be about 5% less than the electrical length computed from the basic 
formula. A more accurate and practical formula to use in finding the physi- 
cal length of an antenna, if the frequency is known, is: 

L= ad Where: L is the length in feet and 

f is the frequency in MHz. 


FOR EXAMPLE: 


QUESTION: Find the length of a half-wave antenna for the middle of 
the 40 meter Novice ham band. 


ANSWER: From the Rules and Regulations (Lesson 14), we find that 
the middle of the 40 meter ham band is 7.125 MHz. We then substitute in 
the formula. 


_ 468 
7.125 
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L = 65.68 feet. 


The most efficient antenna system is one where the antenna is cut for 
a certain frequency and is used for that one frequency or band of frequen- 
cies. If an amateur wishes to operate efficiently on several bands, he must 
use several antennas. This would take up a considerable amount of space and 
be quite costly. There is an alternative to this. An antenna which is a half 
wavelength long at one particular frequency is two half-wavelengths long at 
twice the frequency and three one half-wavelengths long at three times the 
basic frequency. Fortunately, this antenna will act as a reasonably good an- 
tenna for all three frequencies. The rule is that, as long as the length of the 
antenna is an integral multiple of a half wavelength, it will act as an antenna. 
Since the amateur band frequencies are harmonically related to each other, it 
is easy to see how a single length of wire can serve as an antenna for several 
amateur bands. 

For instance, a half wave antenna for the 7 MHz (40 Meter) band, is 
approximately 20 meters long. This represents two one-half wave lengths on 
14 MHz (20 meters) and four one-half wave lengths on 28 MHz (10 meters). 
Thus, the 20 meter length of wire can act as an antenna on the 7 MHz, 14 
MHz, and 28 MHz ham bands. 

While multiband antennas are practical, they do have drawbacks. For 
one thing, they tend to radiate harmonics with its subsequent interference. 
Their efficiency and directivity are not as good as a single band antenna. It is 
also difficult to achieve a low SWE on all frequencies with a multiband an- 
tenna. 

One way to reduce the emission of harmonics is to use a ‘““TRANS- 
MATCH”’’. The transmatch is inserted between the transmitter and the an- 
tenna transmission line. It consists of one or more tuned circuits (coils and 
capacitors) that selects the desired signal leaving the transmitter and rejects 
all others. Another important function of the transmatch is to match the 
impedance of the transmitter output to the transmission line. Other advantages 
of the transmatch are: It permits a transmitter to feed into almost any type 
of antenna, it permits a transmitter with an unbalanced output to feed a 
balanced transmission line, and vice versa, and it permits maximum RF to be 
transferred from the transmitter to the antenna system. The transmatch re- 
ceives its RF power from the transmitter and is not connected to the AC 
power line. Other ways of minimizing harmonic radiation from antennas are: 

(1) Use a low-pass filter between the transmitter and the transmission 
line. This is described in Lesson 9. 

(2) Make certain that all antenna joints are mechanically sound and 
free of corrosion. Corroded joints can act as rectifiers for harmonics and 
cause their radiation. 


11-13 DUMMY ANTENNA 

When a transmitter is being tuned up for optimum operation, the an- 
tenna should be coupled to the final stage in order to insure correct settings 
of plate voltage and current (since the antenna is the load of the final stage). 
Coupling an antenna during the adjustment period is forbidden by law, since 
radiation will result which may cause interference. Most stations get around 
this difficulty by utilizing a dummy antenna which is nothing more than a 
resistive load of the correct power dissipation coupled to the tank coil of 
the final output tube in the same manner as the antenna is later to be cou- 
pled. An incandescent bulb of the proper wattage can readily be used. The 
brilliance of the lamp will give a rough idea of the transmitter power output. 
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The peak brilliance of the lamp will indicate to the operator when the trans- 
_mitter is tuned for maximum power output. 


11-14 TRANSMISSION LINES 

In practically all transmitter installations, the antenna is located some 
distance from the transmitter. It may be 10 feet or it may be 200 feet. In all 
cases, Some means must be used to carry the RF energy from the output of 
the transmitter to the antenna. The lines that are used to carry this energy 
are called transmission lines. 


Insulating spacers 


A. Open wire 


C. Coaxial cable 
T\ 
<¢— Parallel conductors 


B. Twin-lead 


Figure 11-6. Transmission lines. 


There are two basic types of transmission lines. One is called parallel 
line; the other is called coaxial cable. The parallel-line is further subdivided 
into two types. One is called the “‘open-wire”’ type. The other is the “‘twin- 
lead’’ type. Open-wire transmission line consists of two conductors in paral- 
lel separated by insulating spacers. The twin-lead type consists of two 
parallel conductors separated by flexible insulation. This type is commonly 
used in television installations. See Figure 11-6. 

Coaxial cable consists of a conductor surrounded by a round flexible 
insulator. There is a concentric metallic covering made of flexible wire braid 
around this insulator. Surrounding this is a weatherproof vinylite sheath. The 
outer conductor acts as a shield, preventing spurious and harmonic radiation 
from the transmission line. 

The transmission line should carry the RF energy from the transmitter 
to the antenna with minimum losses. In order for this to occur, the imped- 
ance of the transmission line must be equal to the impedance of the trans- 
mitter’s output and to the impedance of the antenna. Matching the imped- 
ances also cuts down on the radiation of spurious and harmonic signals. 

The characteristic impedance of a parallel wire air insulated transmis- 
sion line can be found with the aid of the following formula: 


Z. = 276 log > 


Where: Z, is the characteristic impedance of the line 
b is the center to center spacing between conductors 
a is the radius of the conductors 
The characteristic impedance of a coaxial transmission line is given by 
the following formula: 


Zo = 138 log > 


Where: b is the inside diameter of the outer conductor 
a is the outside diameter of the inner conductor 
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11-15 STANDING WAVE RATIO 

It was seen in paragraph 11-8 of this lesson that a standing wave 
pattern occurs along the length of an antenna. These standing waves result 
in maximum radiation of the signal and they are desirable in an antenna. 
However, standing waves are undesirable on a transmission line. We do not 
want the transmission line to radiate; we only want it to transfer energy. 
We therefore do not want standing waves on a transmission line. 

Standing waves occur on a transmission line when some of the power 
that travels along the line to the antenna is reflected back to the transmitter in- 
stead of going into the antenna. This happens when the impedance of the 
line is not equal to the impedances of the transmitter and antenna. 

The standing waves on a line give us maximum and minimum voltage 
and current points along the line. The ratio of the maximum current to mini- 
mum current or maximum voltage to minimum voltage, is called the 
STANDING WAVE RATIO (SWR). Expressed as a formula, it is: 


Tmax. Emax. 
or 


ae Tnin. Emin. 
Where: SWR is the Standing Wave Ratio 
Imax, and En. are the maximum current and voltage points 
on the line. 
Imin, and E,jn. are the minimum current and voltage points 
on the line. 

In a transmission line, we want a minimum standing wave ratio. In 
other words, we want the current and voltage to be the same along the entire 
line. 

One way to determine the standing wave ratio is to measure the volt- 
age of the RF energy traveling to the antenna, and to compare it to the volt- 
age of the RF energy being reflected back from the antenna. We can use 
these two voltages in the following formula to find the SWR: 


oy ap SER 


SWR=5 


where: Erp is the forward or incident voltage and 
Ep is the reflected voltage. 


The ideal SWR occurs when the reflected voltage is zero. We can see 
from the formula that when Ep is zero, the SWR is 1/1 or 1 to 1. As the re- 
flected voltage rises, the SWR increases to 2 to 1, 3 to 1, etc. 

An instrument, called an SWR bridge, reads the forward and reflected 
voltages and shows the SWR on the face of its meter. 


11-16 ANTENNA SUPPORT, INSTALLATION, AND MAINTENANCE 

Since most amateur antennas are designed for installation out of 
doors, it is essential that the location, supports, and accessability for adjust- 
ment and maintenance be considered prior to the actual installation. The 
location of the antenna is usually limited by the physical size of the antenna. 
Horizontal antennas such as a dipole for the higher wavelengths are particu- 
larly long and are therefore limited in their location requirements. 

Vertical antennas present less of a problem in that they require very 
small amounts of horizontal space. However, since they are usually support- 
ed at the base end only, they are more subject to the effects of wind than are 
horizontal wire type antennas. 

In addition to location, the most critical factor to be considered in the 
installation of an antenna is the means by which the antenna is to be sup- 
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ported. A poorly supported antenna will present more problems than if 
proper support was provided to begin with. Horizontal and V-type wire an- 
tennas should be supported by strong wire or guy ropes with high strength 
insulators. Always try to install the antenna between two strong supporting 
members such as a house at one end and a tree or pole at the other end. 

Since vertical antennas are supported at the base only, it is essential 
that particular care be taken to provide a good base mount and, if possible, 
use insulated guy wires or ropes to support the antenna about one-third of 
the way up from the base. 

The antenna should be mounted in a position that will allow for easy 
maintenance such as tuning (pruning the length), resecuring the supports, 
and access to transmission line terminals. 


11-17 PROTECTING STATION EQUIPMENT FROM STATIC CHARGE 

AND LIGHTNING DISCHARGE ON ANTENNA 

During an electric storm, an antenna may be hit by lightning which 
can damage the station equipment. A means must be provided to safely by- 
pass the lightning discharge to ground. What is usually done is to connect 
spark gaps of large current carrying capacity between the antenna and 
ground. The spark gap will provide an effective by-pass for the lightning 
surge. If an antenna is capacity coupled to the output of the transmitter, 
static charges of high potential may build up on the antenna because there is 
no direct leakage path to ground. In this case, static drain coils having a high 
resistance at the radiating frequency are connected from the base of the an- 
tenna to ground. They serve as the discharge path for any static charge on 
the antenna. An antenna grounding switch can also be used to discharge the 
atmospheric electricity that accumulates on the antenna system. During 
transmission or reception, the switch should be open. 


11-18 GROUND 

Cold water pipes are effective grounds since they make excellent con- 
tact with the earth. The ground terminals of the radio station and the anten- 
na system should be connected by means of a heavy conductor to a cold 
water pipe. If there is no cold water pipe system, an effective ground can be 
made by driving a copper rod of at least 6 to 8 feet into the earth. We call 
this a “‘ground rod’’. Even where a cold water system is used, it would help 
to use a ground rod in addition to the cold water pipe for ground. The 
ground rod could be located close to the antenna tower and connected to 
the ground of the antenna system. A heavy conductor could then be used to 
connect the ground rod to the cold water pipe and the ground terminals of 
the radio station. The circuit reference to a physical ground such as a ground 
rod or chassis is referred to as GROUND POTENTIAL. 


11-19 THE MEASUREMENT AND DETERMINATION OF FREQUENCY 


The FCC states that a station must maintain its exact operating fre- 
quency so that stations do not interfere with each other. Therefore, one of 
the most important duties of a radio operator is to keep his station exactly on 
frequency. The FCC assigns definite frequencies or bands of frequencies to 
the various transmitting services. Operating ‘‘off frequency”’ represents a 
serious offense and must be avoided. Therefore it is very important to be 
able to measure the frequency of a transmitter. The instrument which is used 
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to measure frequency is called a FREQUENCY METER. We will discuss 
several different types of frequency meters. 

(1) ABSORPTION-TYPE WAVEMETER. An absorption-type wave- 
meter consists of a coil and capacitor in parallel and an indicator. The indi- 
cator can be a flashlight bulb or a sensitive microammeter. The wavemeter 
coil is brought near the output tuning circuit of the transmitter. The capa- 
citor of the wavemeter is varied until the indicator reads or glows. At this 
point, the resonant frequency of the wavementer circuit is the same as the 
transmitter’s output frequency. The wavemeter can be calibrated to show 
the frequency. The absorption-type wavemeter is simple to use, but is not 
highly accurate. 

(2) HETERODYNE FREQUENCY METER. The Heterodyne Fre- 
quency Meter consists of a stable variable frequency oscillator, a detector 
and possibly, a crystal-controlled oscillator. The transmitter’s signal and the 
signal of the variable frequency oscillator are fed to the detector where they 
mix together. The frequency of the variable frequency oscillator is varied 
until a “‘zero-beat’”’ indication tells us that it is the same as the transmitter 
output frequency. By reading the dial of the meter, we can tell the frequen- 
cy of the transmitter. The crystal-controlled oscillator is used to accurately 
calibrate the meter. The use of the Heterodyne Frequency Meter is a highly 
accurate method of measuring one’s frequency. 

(3) FREQUENCY MARKER. The simplest method of checking one’s 
transmitter frequency is to tune it in on his receiver, being careful not to 
overload the receiver. The operator then looks at his dial to see what his fre- 
quency is. However, there is no assurance that the receiver dial is accurate. In 
order to correct the receiver calibration, we use a frequency marker. The fre- 
quency marker is a highly stable oscillator that is rich in harmonics. A popu- 
lar frequency marker uses a 100 kHz crystal and produces signals every 100 
kHz. With these marker frequencies, it is a simple matter to adjust the receiv- 
er so that the dial is accurate. 

Many receivers and transceivers have a frequency marker built into 
them. 


PRACTICE QUESTIONS — LESSON 11 


1 An advantage of a Transmatch is not: 
a. it reduces audio distortion 
b. it brings about a good impedance match 
c. it enables the transmitter to be used with several types of transmission 
lines 
d. it reduces television interference 


2 An important reason for using a dummy antenna is: 
a. to minimize interference 
b. it is the only way an FM transmitter can be tested 
c. to measure the output power 
d. to reduce splatter 


3 If the voltage and current are the same on all points of a transmission line, 
the SWR is: 
recat we eo wi | b. 2 tol elie Ng ee Me d. .636 to 1 
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On which of the following ham bands is there maximum reception during 
daylight hours and during minimum sunspot activity? 

a. 160 meters b. 40 meters c. 20 meters d. 10 meters 
Ionization of the upper atmosphere is primarily dependent upon radiation 
from the: 

a. outer space b. sun c. moon d. earth 

What is the approximate length of a half-wave antenna that is to transmit 


a frequency of 4850 kHz? 
a. 110 feet pb. 96 feet c. 86 feet d. 79 feet 


A characteristic of a multiband antenna is: 
a. low SWR b. high efficiency —c. difficult to feed d. high gain 


The sky wave of a transmitter is refracted back to earth by the: 
a. sun spots b. ionosphere c. antenna reflector d. SWR 


A transmitter is protected from damage from lightning by: 
a. connecting spark gaps from the antenna base to ground 
b. shorting the transmission line. 

c. place a capacitor in series with the antenna. 

d. using coaxial cable. 


Which of the following is not used as a transmission line in an amateur 
transmitting antenna system? 

a. T'V twin lead 

b. RF waveguide line 

c. parallel conductors separated by insulators 

d. coaxial cable 


What is the exact wavelength of a 21,180 kHz signal? 
a. 51.18 meters _b..0706 meters c. 14.1 meters d. 70.6 meters 


Which of the following is used to determine if a transmitter is operating 
within a specific band? 

a. watt-hour meter c. a frequency meter 

b. a galvanometer d.a band meter 

The area between the ground wave zone and the point where the sky wave 
returns to earth is called the: 

a. Skip zone. b. ionosphere. c. sun spot. d. SWR zone. 
An advantage of coaxial cable over other types of transmission line is: 

a. it is inexpensive. c. it will not radiate spurious signals. 
b. it has the lowest losses. d. it matches all types of antennas. 


SECTION IIl— LESSON 12 
THE RADIO RECEIVER 


12-1 FUNCTIONS OF A RADIO RECEIVER 

Up to this point, we have covered the principles of transmitters in 
detail. To complete the picture, we must consider the problem of the recep- 
tion of radio waves by the radio receiver. 

The radio receiver must be able to perform the following functions: 

1. pick up radio frequency signals radiated by transmitters. 

2. tune to one desired signal and reject the remaining signals. 

3. amplify the desired radio frequency signal using radio frequency 
amplifiers. 

4. detect or demodulate the desired signal (separate the audio intel- 
ligence from the radio frequency carrier). 

5. amplify the detected audio signal and drive a speaker or headphones 
with it. 
12-2 THE ONE TUBE RECEIVER 

Figure 12-1 illustrates a block diagram of a one tube radio receiver. 


¥ ANTENNA 


He DETECTOR] 


PHONES 


Figure 12-1. A simple one-tube receiver. 


The antenna picks up any radiated signals that may be present in its 
vicinity and couples them to the tuned circuit L;—-C;. The function of the 
tuned circuit is to select the station that is desired to be heard and at the 
same time, to reject the unwanted signals. This is accomplished by varying 
capacitor C1, until the tuned circuit is resonant to the desired frequency. 
For a review of the theory of a tuned circuit, refer to Lesson, 3 Paragraph 9 
on resonance. Once the signal has been selected, it is necessary to extract 
the audio-frequency intelligence from the radio-frequency carrier. This is 
done by the detector, or demodulator, stage. A simple diode is generally used 
in the detector stage. The audio is then applied to the headphones. 


12-3 THE TUNED RADIO-FREQUENCY RECEIVER 

A radio signal diminishes in strength at a very rapid rate after it leaves 
the transmitting antenna. Therefore, it is seldom possible to use a detector 
circuit alone to obtain any useful output from the few microvolts of signal 
available at the receiving antenna. To remedy this, it is desirable to amplify 
the RF signal before it is detected. This is done by the use of an RF ampli- 
fier. The RF amplifier, like the detector, is provided with one or more tuned 
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circuits so that it amplifies only the desired signal. The addition of an RF 
amplifier to the receiver gives not only greater sensitivity (ability to receive 
weak signals), but also greater selectivity (ability to separate signals). Audio 
amplifier stages usually follow the detector to amplify the audio signals be- 
fore they are applied to the reproducer. The complete receiver, consisting 
of radio-frequency amplifiers, detector and audio amplifiers, is called the 
tuned radio frequency receiver or, as it is more commonly called, the TRF 
receiver. 

A block diagram of a TRF receiver, showing the bag passing through 
the receiver, is illustrated in Figure 12-2. 


00 Hh 


ant AF _ 
ant Detect me 


Figure 12-2. Block diagram of a TRF receiver. 


12-4 CAPABILITIES OF A TRF RECEIVER 

Although the TRF receiver will give satisfactory results when covering 
the medium frequency band, such as the broadcast band, it has several dis- 
advantages which makes it impractical for use in high frequency and multi- 
band receivers. The chief disadvantage of the TRF receiver is that its selectivity 
does not remain constant over its tuning range. When a tuned circuit is made 
variable, as it must be in a TRF receiver, selectivity will decrease as the re- 
ceiver is tuned to the high end of the band. If it were possible to design a 
receiver in which the selective circuits were fixed tuned, these circuits could 
very easily be designed for high gain and selectivity for the particular fre- 
quency at which they are to operate. This desirable effect is accomplished in 
the SUPERHETERODYNE RECEIVER. 


12-5 THEORY OF SUPERHETERODYNE ACTION 

The important difference between the TRF receiver and the super- 
heterodyne receiver is that in the TRF, the RF signal is amplified at the fre- 
quency of the signal, while in the superheterodyne receiver, the RF signal is 
amplified at a new, lower, fixed frequency called the INTERMEDIATE 
FREQUENCY. The intermediate frequency (IF), though much lower in fre- 
quency than the original signal, retains all the modulation characteristics of 
the original signal. By amplifying this lower fixed frequency, it is possible to 
use circuits which are more selective and capable of greater amplification 
than the circuits used in TRF receivers. 


12-6 THE SUPERHETERODYNE RECEIVER 

The block diagram of a typical superheterodyne receiver is illustrated in 
Figure 12-3. The received modulated RF signal is first passed through an RF 
amplifier. A locally generated unmodulated RF signal is then mixed with the 
carrier frequency in the mixer stage. The mixer is called a converter and 
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sometimes a first detector. This mixing action produces two new modulated 
RF signals in the output of the mixer, the sum and the difference, in addition 


Speaker 


Figure 12-3. Block diagram of a superheterodyne receiver. 


to the original signals. It is the difference frequency in which we are inter- 
ested. The difference frequency is called the INTERMEDIATE FREQUENCY 
or I.F. A fixed tuned circuit in the plate of the mixer will reject all frequen- 
cies except the IF frequency to which it is tuned. This new IF frequency 
contains all the modulation characteristics of the original signal, but it is 
much lower in frequency. The intermediate frequency is usually set at some 
definite value. The frequency of the local oscillator must differ from that of 
the signal being received by an amount equal to the intermediate frequency. 
Thus, as the RF amplifier of the receiver is tuned to signals of various fre- 
quencies, the local oscillator must be tuned simultaneously, so that its fre- 
quency is always separated from that of the signal by the same amount. For 
example, if the IF is 450 kiloHertz, a commonly used frequency, and the 
range of the receiver is from 500 to 1600 kHz., the oscillator would have to 
operate over a range of either 950 (450 + 500) to 2050 (450 + 1600) kilo- 
Hertz or 50 (500 - 450) to 1150 (1600 - 450) kiloHertz. Whether the oscil- 
lator frequencies are higher or lower than the signal, the difference is still 
450 kHz. The intermediate frequency is then amplified in one or more fixed 
tuned stages called intermediate-frequency amplifiers, and is then fed into 
the second detector where it is detected or demodulated. The detected signal 
is amplified in the AF amplifier and then fed to the headset or loudspeaker. 
The reason why the detector is called the second detector is because the 
mixer tube is sometimes called the first detector. Because of this, the super- 
heterodyne is sometimes called a double detector receiver. 


PRACTICE QUESTIONS — LESSON 12 


1 The function of the detector is to: 


a. amplify the signal c. excite the speaker 
b. demodulate the carrier d. bypass the AF 

2 A superheterodyne does not contain a/an: 
a. oscillator c. RF power amplifier 
b. detector d. audio amplifier 


3 The Intermediate Frequency: 
a. is the difference frequency between the carrier-frequency and the local 
oscillator frequency 
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b. is always one-half the local oscillator frequency 
c. depends upon the station tuned in 
d. is twice the carrier frequency 


Fixed tuned IF stages result in: 


a. high fidelity c. high selectivity, high gain 
b. variable IF d. constant power output 

A Tuned Radio Frequency Receiver does not contain a/an: 

a. audio amplifier c. detector 

b. RF amplifier d. IF amplifier 

Audio is extracted from the RF carrier by a/an: 

a. tuned circuit c. IF amplifier 

b. detector d. oscillator 


A TRF receiver is superior to a superheterodyne receiver because: 
. 1t provides more gain. 

. it provides more selectivity. 

. a and b are correct. 

. none of the above. 


aoe 
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SECTION Ill — LESSON 13 
OPERATING PRACTICES 


\ 


13-1 WHAT IT’S ALL ABOUT 

In addition to being able to obtain your Novice Class license, the end 
product of all you have learned is your ability to operate your station. Oper- 
_ation of your station requires familiarity with electronics technology as 
covered in Lessons 1 through 12 and knowledge of the FCC rules and regula- 
tions as covered in Lesson 14. The application of your technical skills within 
the intent of the rules and regulations will be displayed by the manner in 
which you operate your station. The use of good operating practices assures 
the operator an enjoyable hobby; bad operating practices are a nuisance to 
all other amateurs. 


13-2 COURTESY 

Courtesy is the most essential of all operating practices and its use by 
all radio amateurs has made Ham Radio one of the most esteemed hobbies in 
the world. Courtesy means operating your station with respect for your 
neighbors, the commercial and private radio frequency users, and your fel- 
low amateurs. 

Maintaining your station to eliminate interfering parasitics, harmonics, 
and spurious signals is a primary function of the radio amateur. The elimina- 
tion of these interfering signals is not only a requirement in compliance with 
the FCC regulations, it is also essential as an act of courtesy to your neigh- 
bors and commercial agencies that share in the use of the radio spectrum. 
Interference with television, radio, and phonograph entertainment facilities 
will strain your relationship with your neighbors and will, therefore, limit 
your enjoyment of the hobby. In addition, the elimination of interference 
from your station is an act of respect to those entertainment agencies, such 
as T'V and Radio stations, that share the use of the radio spectrum as a com- 
munications medium. 

Courtesy to your fellow amateurs means maintaining all communica- 
tions on a level that will not be offensive, and respecting your fellow ama- 
teurs as having the same privileges as yourself. The following general rules 
should serve as a guide: 

a. Limit the length of your CQ (general call to all stations) to allow re- 
ceiving stations to respond. Generally, sending CQ three times, followed by 
your call letters sent three times, and terminated with a “‘K”’ is the accepted 
standard for a code transmitted general call. 

b. If a CQ is received or responded to at a speed lower than your nor- 
mal code speed, try to lower your speed to accommodate the other amateur. 

c. Remember that there are potentially thousands of listeners for each 
conversation. Always maintain the content of your transmissions at a level 
than will not be considered offensive to any listener. 


13-3 INTERFERENCE AND CONGESTION IN THE AMATEUR BANDS 
An amateur must operate his transmitter in a manner so as not to 
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cause interference to other amateurs. Also, some of the bands are quite con- 
gested and a good operator must avoid adding to this congestion. The follow- 
ing operating hints will minimize interference and congestion of the amateur 
bands: 

(1) Before operating on a certain frequency, listen in on the fre- 
quency to see if it is being used. If the frequency is in use, wait till the par- 
ties have finished using the frequency or move on to a clear channel. 

(2) When testing a transmitter, use a dummy antenna. Do not test 
‘fon the air’. If ‘“‘on the air’ tests have to be made, do them on clear fre- 
quencies and during hours when there is little activity. Also, be brief. 

(3) Use the minimum amount of power necessary to effect proper 
communications between the two stations. 

(4) Do not overmodulate or splatter. This causes interference to adja- 
cent frequencies. Also, make certain that no spurious or harmonic radiations 
are emitted from the transmitter. 

(5) Use the minimum bandwidth necessary for good speech communi- 
cations. The audio frequencies above 3 kHz should be eliminated to keep the 
bandwidth of the signal down. It should be noted that a CW signal has an 
extremely small bandwidth (100 Hz. or less) and occupies very little space in 
the frequency spectrum. It therefore causes less interference than phone 
signals. 

(6) Use directional antennas. In this way, the signal is confined to 
fewer areas. 

(7) In making CQ directional calls, give sufficient information to 
avoid useless answers. 

(8) Use a recognized phonetic word list to avoid needless repetition 
and confusion. Also, use Q signals and other known abbreviations to cut 
down the length of the transmissions. 

(9) Use less congested frequencies to make contacts where a choice is 
possible. For instance, don’t use the 20 meter band to contact a local ama- 
teur when both of you have two-meter equipment. 20 meters is very crowd- 
ed and 2 meters is not. 

(10) Keep transmissions as brief as possible. Do not repeat words un- 
less it is necessary. Also, in calling, use short calls with frequent breaks for 
listening. 


13-4 CHOOSING AN OPERATING FREQUENCY 

Radio amateurs are not assigned specific operating frequencies. They 
can operate anywhere they want to, within specified band limits. In other 
words, an amateur holding a Novice license, can operate on any frequency 
within the 3700 kHz to 3750 kHz band. The operating frequency that is 
chosen depends upon many factors. If he wishes to communicate with Ama- 
teur Station W2ABC who is in contact with Amateur Station W6XYZ, he 
sets his station frequency at or near W6XYZ and waits until the two ama- 
teurs have finished their contact. He then calls Station W2ABC. The reason 
he sets his frequency on W6XYZ’s frequency is that W2ABC is listening to 
the frequency that Station W6XYZ is transmitting on. In most instances, 
two stations in contact with each other are on the same frequency. 

If an amateur wishes to communicate with any other amateur or if he 
wishes to communicate with a particular area, he chooses a clear frequency 
and calls ““‘CQ”’ or CQ to a particular area. 

If an amateur is operating his station close to the edge of the band, he 
must make absolutely certain that he is not operating outside of the band. 
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Lesson 11 discusses the various methods that are used to determine the exact 
operating frequency. 

The band that an amateur uses depends upon the distance to be cover- 
ed, the time of day, the time of the year, etc. The chart in Lesson 11 lists the 
propagation characteristics of the various bands. 


13-5 FREQUENCY SHARING 

An amateur radio operator is not assigned a specific frequency on 
which to operate. He operates anywhere within a band of frequencies. He 
shares these frequencies with other amateurs and he must make certain not 
to interfere with others. If he finds he is interfering with another amateur, 
he must work out some mutual arrangement whereby there is no interfer- 
ence. 

In some cases, the amateurs share a band with other services. For 
instance, in the 1800 kHz - 2000 kHz band, the use of the frequencies is 
shared with the Loran-A radionavigation system. The use of these frequen- 
cies by amateur stations must not cause harmful interference to the Loran-A 
system. If an amateur station does cause such interference, he must cease 
operating on these frequencies, if so directed by the FCC. 


13-6 Q SIGNAL SYSTEMS AND STANDARD ABBREVIATIONS 

“Q signals’’ are widely used abbreviations. Their use saves time in 
transmitting commonly used expressions and questions. When a Q signal is 
followed by a question mark, it takes the form of a question. When not fol- 
lowed by a question mark, a Q signal is either a reply to a Q signal question, 
or a direct statement. For instance, “QRA?’’ means “‘What is the name of 
your station?” “‘QRA’’ without the question mark means “The name of my 
station is...... ”’ Commonly used Q signals are listed below: 


QRG? — What is my frequency? 
QRM?. — Are you being interfered with? 


QRQ — Send faster. 

QRS? — Shall I send slower? 

QRT  — Iam closing down my station. 
QRU? — Do you have anything for me? 
QRX — Wait or stand by. 

QRZ? — Who is calling me? 

QSB? — Is my signal fading? 

QSL? — Can you acknowledge receipt? 
QSY? — Shall I change frequency? 
QSZ? — Shall I send each group twice? 


QTH? — What is your location? 


The following abbreviations are commonly used by amateurs in tele- 
graphy: 
CQ —A general inquiry call. It is used when an amateur wishes to 
make a contact. 
DE — means ‘‘from’’. It is followed by the call letters of the station 
doing the sending. 


K —means “go ahead’’. It is used after a CQ or at the end of a 
transmission. 

AR — indicates the end of a message unit or transmission. 

SK — indicates the end of the entire transmission. 
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13-7 R.S.T. REPORTING SYSTEM 

The RST reporting system is a means of rating the quality of a signal 
on a numerical basis. In this system, the R stands for readability and is rated 
on a scale of 1 to 5. The S stands for signal strength and it is rated on a scale 
of 1 to 9. The T indicates the quality of a CW tone and its scale is also 1 to 
9. The higher the number, the better the signal. 


READABILITY 


Unreadable 

Barely readable; occasional words distinguishable 
Readable with considerable difficulty 

Readable with practically no difficulty 

Perfectly readable 


eee 


SIGNAL STRENGTH 


Faint; signals barely perceptible 
Very weak signals 

Weak signals 

Fair signals 

Fairly good signals 

Good signals 

Moderately strong signals 
Strong signals 

Extremely strong signals 


oe eae 


TONE 


. Extremely rough, hissing tone 

Very rough AC note; no trace of musicality 

. Rough, low-pitched AC note; slightly musical 

Rather rough AC note; moderately musical 

Musically modulated note 

Modulated note; slight trace of whistle 

Near DC note; smooth ripple 

Good DC note; just a trace of ripple 

Purest DC note (If note appears to be crystal controlled, add letter 
X after the number indicating tone) 


EXAMPLE: Your signals are RST 599X. (Your signals are perfectly 
readable, extremely strong, have purest DC note, and sound as if your 
transmitter is crystal-controlled.) 
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13-8 OPERATION DURING EMERGENCIES 

One of the most important responsibilities of radio amateurs is to par- 
ticipate, to the extent of their abilities, in providing emergency communica- 
tions during times of emergency. At the very minimum, radio amateurs must 
yield their operating frequency if that frequency is required for emergency 
communications. 

Radio amateurs have been instrumental in saving lives during floods, 
earth quakes, and accidents by using their station as an instrument of emer- 
gency communication. Hardly any period of time goes by when it is not re- 
ported in the newspapers that some radio amateur or group of amateurs have 
participated in the saving of lives and property during some disaster. 
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13-9 MESSAGE TRAFFIC 

Another rewarding aspect of amateur radio is the participation of 
hams in handling messages on behalf of third parties. An amateur may, if he 
so desires, relay messages received at his station to non-amateur individuals. 
This is known as third party traffic. This privilege was utilized extensively 
during wartime when amateur operators made it possible for hundreds of 
thousands of servicemen to communicate with their families from overseas. 

Although most message traffic is usually accomplished in an informal 
fashion, there.are several clubs that perform this function as a public service. 
These clubs operate on regular schedules and handle message traffic between 
servicemen, students, and businessmen and their families. 

Third party traffic involving any material compensation to anyone is 
prohibited. Third party traffic consisting of business communications is 
also prohibited. Third party traffic with foreign countries that do not have 
a third party agreement with the United States is not permitted. 


13-10 NETWORK OPERATION 

Network operation is a phrase applied to a group of amateurs who 
meet at a specified time on a specified frequency. Usually these ‘“‘nets”’ func- 
tion in one of two categories; social roundtable discussion or for the purpose 
of exchanging message traffic as described above. In either case, network 
operation represents a function of amateur radio that enables a group of 
amateurs to share in their common interest. 


PRACTICE QUESTIONS — LESSON 13 


1 The abbreviation ““QRM?’’ means: 


a. Who is calling me? c. What is my frequency? 

b. Send faster. d. Are you being interfered with? 
2 The standard abbreviation for ‘‘go ahead”’ is: 

a. CQ b. QSY Cou d. AR 
3 The highest priority communication is: 

a. Message traffic b. Emergency c. CQ d. Network 


4 Always test a transmitter: 
a. on the air 
b. using a dummy load 
c. on a frequency outside the amateur band 
d. by calling CQ 


5 The abbreviation for a general call is: 
a. SK b. CQ c. QRU d. Hello 


6 Before operating on a certain frequency you should: 
a. adjust the dummy load 
b. tune up the receiver 
c. check to see if the frequency is being used. 
d. adjust the low pass filter 


7 In communications between two points, you should use the: 
a. maximum power available c. lowest possible frequency 
b. onmidirectional antenna d. minimum power necessary 
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An RST report of 484 indicates a/an: 
a. unreadable signal c. strong signal 
b. good smooth tone d. weak signal 


Third party traffic involves messages on behalf of a/an: 


a. foreign government 

b. person other than the two radio amateurs 
c. another amateur 

d. party in distress 


The abbreviation for closing down a station is: 


a. QRG b. QRX c. QRT 
The abbreviation for sending slower is: 
a. QRG. b. QRM. c. QRX. 


The signal of a good operator; 

. contains audio frequencies below 6 kHz. 

. contains the maximum number of harmonics. 

. contains only even number harmonics. 

. contains a minimum amount of harmonic energy. 


Aon f 
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d. QSZ 


d. QRS. 


SECTION IIl—LESSON 14 
RULES AND REGULATIONS 


The government of the United States does not license or interfere in 
any way with the RECEPTION of standard broadcast or short wave pro- 
grams. Anyone can own and operate a radio receiver without a license. How- 
ever, in the case of radio transmission, the situation is entirely different. All 
transmitting stations, whether Amateur or Commercial, are licensed by the 
Federal Communications Commission (FCC). Consequently, all operators of 
transmitting equipment must be licensed. 

There are various rules and regulations which govern the operation of 
all radio transmissions. It is important that the radio amateur be familiar 
with the general rules and regulations of Communications as well as those 
rules which apply specifically to Amateur Radio. The examinations for the 
Amateur Operators Licenses contain questions based on the provisions of 
treaties, statutes and regulations affecting amateurs. Because it is important 
to know the laws regarding amateur radio transmission, we are reproducing 
those EXCERPTS from Part 97 of the FCC rules that apply to the Novice 
license requirements. Part 97 contains the rules and regulations that govern 
the Amateur Radio Service. 

Violation of the rules and regulations of the Federal Communications 
Commission can result in a maximum penalty of up to $500.00 for each day 
during which the offense occurs. The penalty can also include suspension of 
the operator license and revocation of the station license. 


97.1 BASIS AND PURPOSE 

The rules and regulations in this part are designed to provide an ama- 
teur radio service having a fundamental purpose as expressed in the follow- 
ing principles: 

(a) Recognition and enhancement of the value of the amateur service 
to the public as a voluntary noncommercial communication service, particu- 
larly with respect to providing emergency communications. 

(b) Continuation and extension of the amateur’s proven ability to 
contribute to the advancement of the radio art. 

(c) Encouragement and improvement of the amateur radio service 
through rules which provide for advancing skills in both the communication 
and technical phases of the art. 

(d) Expansion of the existing reservoir within the amateur radio serv- 
ice of trained operators, technicians, and electronics experts. 

(e) Continuation and extension of the amateur’s unique ability to en- 
hance international good will. 


97.3 DEFINITIONS 

(a) AMATEUR RADIO SERVICE. A radio communication service of 
self-training, intercommunication, and technical investigation carried on by 
amateur radio operators. 

(c) AMATEUR RADIO OPERATOR means a person holding a valid 
license to operate an amateur radio station issued by the Federal Communi- 
cations Commission. 
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(d) AMATEUR RADIO LICENSE. The instrument of authorization 
issued by the Federal Communications Commission comprised of a station 
license, and in the case of the primary station, also incorporating an operator 
license. rt 

OPERATOR LICENSE. The instrument of operator authorization in- 
cluding the class of operator privileges. 

STATION LICENSE. The instrument of authorization for a radio sta- 
tion in the amateur radio service. 

(e) AMATEUR RADIO STATION. A station licensed in the amateur 
radio service embracing necessary apparatus at a particular location used for 
amateur radio communication. 

(f) PRIMARY STATION. The principal amateur radio station at a 
specific land location shown on the station license. 

(p) CONTROL OPERATOR. An amateur radio operator designated 
by the licensee of an amateur radio station to also be responsible for the 
emissions from that station. 

(w) THIRD-PARTY TRAFFIC. Amateur radio communication by or 
under the supervision of the control operator at an amateur radio station to 
another amateur radio station on behalf of anyone other than the control 
operator. 


97.5 CLASSES OF OPERATOR LICENSES. 
Amateur Extra Class. 
Advanced Class (previously Class A). 
General Class (previously Class B). 
Conditional Class (previously Class C). 
Technician Class. 
Novice Class. 


97.7 PRIVILEGES OF AMATEUR OPERATOR LICENSES. (See chart on 
Page 124 showing privileges of operator licenses for popular amateur bands.) 

(a) AMATEUR EXTRA CLASS AND ADVANCED CLASS. All au- 
thorized amateur privileges including exclusive frequency operating author- 
ity in accordance with the following table. 


Frequencies Class of license authorized. 


3500 - 3525 kHz 
3775 - 3800 kHz 
7000 - 7025 kHz 
14, 000 - 14, 025 kHz 
21, 000 - 21, 025 kHz 
21, 250 - 21, 270 kHz 


Amateur Extra Only. 


3800 - 3890 kHz 


pa Oe Ee a Amateur Extra and Advanced. 


21, 270 - 21, 350 kHz 


(b) GENERAL CLASS. All authorized amateur privileges except 
those exclusive operating privileges which are reserved to the Advanced Class 
and/or Amateur Extra Class. 
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(c) CONDITIONAL CLASS. Same privileges as General Class. New 
Conditional Class licenses will not be issued. Present Conditional Class li- 
censees will be issued General Class licenses at time of renewal or modifica- 
tion. 

(d) TECHNICIAN CLASS. All authorized amateur privileges on the 
frequencies 50.0 MHz and above. Technician Class licenses also convey the 
full privileges of Novice Class licenses. 

(e) NOVICE CLASS. Radiotelegraphy in the frequency bands 3700 - 
3750 kHz, 7100 - 7150 kHz (7050 - 7075 kHz when the terrestrial station 
location is not within Region 2), 21,100 - 21,200 kHz, and 28,100 - 28,200 
kHz, using only Type Al emission. 


97.9 ELIGIBILITY FOR NEW OPERATOR LICENSE. 
Anyone, except a representative of a foreign government, is eligible 
for an amateur operator license. 


97.13 RENEWAL OR MODIFICATION OF AMATEUR OPERATOR 
LICENSE 
(a) An amateur radio operator license may be renewed upon proper 
application. 
(b) The applicant shall qualify for a new license by examination if the 
requirements of this section are not fulfilled. 


97.28 MANNER OF CONDUCTING EXAMINATIONS 

(a) Except as provided by 97.27, all examinations for Amateur Extra, 
Advanced, General and Technician Class operator licenses will be conducted 
by authorized Commission personnel or representatives at locations and 
times specified by the Commission. Examination elements given under the 
provisions of 97.27 will be administered by an examiner selected by the 
Commission. All applications for consideration of eligibility under 97.27 
should be filed on FCC Form 610, and should be sent to the FCC field office 
nearest the applicant. (A list of these offices appears in Sec. 0.121 of the 
Commission’s Rules and can be obtained from the Regional Services Divi- 
sion, Field Operations Bureau, FCC, Washington, D.C. 20554, or any field 
office.) 

(b) Unless otherwise prescribed by the Commission, examinations for 
the Novice Class license will be conducted and supervised by a volunteer ex- 
aminer selected by the applicant. The volunteer examiner shall be at least 18 
years of age, shall be unrelated to the applicant, and shall be the holder of an 
Amateur Extra, Advanced or General Class operator license. The written por- 
tion of the Novice examination, Element 2, shall be obtained administered, 
and submitted in accordance with the following procedure: 

) (1) Within 10 days after successfully completing telegraphy examina- 
tion element 1(a), an applicant shall submit an application (FCC Form 610) 
to the Commission’s office in Gettysburg, Pennsylvania 17325. The applica- 
tion shall include a written request from the volunteer examiner for the ex- 
amination papers for Element 2. The examiner’s written request shall in- 
clude (i) the names and permanent addresses of the examiner and the appli- 
cant, (ii) a description of the examiner’s qualifications to administer the 
examination, (iii) the examiner’s statement that the applicant has passed 
_ telegraphy element 1(a) under his supervision within the 10 days prior to 
submission of the request, and (iv) the examiner’s written signature. Exam- 
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ination papers will be forwarded only to the volunteer examiner. 

(2) The volunteer examiner shall be responsible for the proper con- 
duct and necessary supervision of the examination. Administration of the ex- 
amination shall be in accordance with the instructions included with the 
examination papers. 


97.37 ELIGIBILITY FOR STATION LICENSE. 

(a) Except as provided in paragraphs (b) and (c) of this section, an 
amateur radio station license shall be issued only to a licensed amateur radio 
operator. 

(b) A military recreation station license may be issued to, (1) a licensed 
amateur radio operator; or (2) an individual who is in charge of a proposed 
military recreation station and who is not a representative of a foreign 
government. 

(c) A club station license may be issued to an amateur radio club if, 
(1) the club meets the definition of CLUB STATION in P.97.3; (2) the club 
demonstrates to the FCC a compelling need for a club station license; and 
(3) at least one officer of the club holds an amateur operator license of the 
Technician Class or above. 

(d) An amateur radio station license shall not be issued to a school, 
company, corporation, association or other organization, except to an ama- 
teur radio club meeting the requirements in paragraph (c) of this section and 
iy P73. 


97.39, STATION LICENSE REQUIRED 
(a) No transmitting station shall be operated in the amateur radio serv- 
ice without being licensed by the Federal Communications Commission. 
(b) Every amateur radio operator shall have one, but only one, primary 
amateur radio station license. 


97.45 LIMITATIONS ON ANTENNA STRUCTURES 

(a) Except as provided in paragraph (b) of this section, an antenna for 
a station in the Amateur Radio Service which exceeds the following height 
limitations, may not be erected or used unless notice has been filed with 
both the FAA on FAA Form 7460-1 and with the Commission on Form 714 
or on the license application form, and prior approval by the Commission 
has been obtained for: 

(1) Any construction or alteration of more than 200 feet in height 
above ground level at its site (sec. 17.7(a) of this chapter). 

(2) Any construction or alteration of greater height than an imaginary 
surface extending outward and upward at one of the following slopes (Sec. 
17.7(b) of this chapter); 

(i) 100 to 1 for a horizontal distance of 20,000 feet from the nearest 
point of the nearest runway of each airport, with at least one runway more 
than 3,200 feet in length, excluding heliports and seaplane bases without 
specified boundaries, if that airport is either listed in the Airport Directory 
of the current Airman’s Information Manual or is operated by a Federal 
military agency. 

(ii) 50 to 1 for a horizontal distance of 10,000 feet from the nearest 
point of the nearest runway of each airport with its longest runway no more 
than 3,200 feet in length, excluding heliports and seaplane bases without 
specified boundaries, if that airport is either listed in the Airport Directory 
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or is operated by a Federal military agency. 

(iii) 25 to 1 for a horizontal distance of 5,000 feet from the nearest 
point of the nearest landing and takeoff area of each heliport listed in the 
Airport Directory or operated by a Federal military agency. 

(3) Any construction or alteration on an airport listed in the Airport 
Directory of the Airman’s Information Manual (Sec. 17.7(c) of this chapter). 

(b) A notification to the Federal Aviation Administration is not re- 
quired for any of the following construction or alteration: 

(1) Any object that would be shielded by existing structures of a per- 
manent and substantial character or by natural terrain or topographic fea- 
tures of equal or greater height, and would be located in the congested area 
of a city, town, or settlement where it is evident beyond all reasonable 
doubt, that the structure so shielded will not adversely affect safety in air 
navigation. Applicants claiming such exemption shall submit a statement 
with their application to the Commission explaining the basis in detail for 
their finding (Sec. 17.14(a) of this chapter). 

(2) Any antenna structure of 20 feet or less in height, except one that 
would increase the height of another antenna structure (Sec. 17.14(b) of this 
chapter). 

(c) Further details as to whether an aeronautical study and/or obstruc- 
tion marking and lighting may be required, and specifications for obstruction 
marking and lighting when required, may be obtained from Part 17 of this 
chapter, ‘Construction, Marking and Lighting of Antenna Structures’’. Infor- 
mation regarding the inspection and maintenance of antenna structures re- 
quiring obstruction marking and lighting, is also contained in Part 17 of this 
chapter. 


97.49 COMMISSION MODIFICATION OF STATION LICENSE. 

(a) Whenever. the Commission shall determine that public interest, 
convenience and necessity would be served, or any treaty ratified by the 
United States will be more fully complied with, by the modification of any 
radio station license either for a limited time, or for the duration of the term 
thereof, it shall issue an order for such licensee to show cause why such 
license should not be modified. 

(b) Such order to show cause shall contain a statement of the grounds 
and reasons for such proposed modification, and shall specify wherein the 
said license is required to be modified. It shall require the licensee against 
whom it is directed to appear at a place and time therein named, in no event 
to be less than 30 days from the date of receipt of the order, to show cause 
why the proposed modification should not be made and the order of modifi- 
cation issued. 

(c) If the licensee against whom the order to show cause is directed 
does not appear at the time and place provided in said order, a final order of 
modification shall issue forthwith. 


97.59 LICENSE TERM 

Amateur operator licenses and station licenses are normally valid for a 
period of 5 years from the date of issuance of a new or renewed license. All 
station licenses, regardless of when issued, will expire on the same date as the 
licensee’s operator license. 
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97.67 MAXIMUM AUTHORIZED POWER 

(d) In the frequency bands 3700 - 3750 kHz, 7100 - 7150 kHz 
(7050 - 7075 kHz when the terrestrial location of the station is not within 
Region 2) 21, 100 - 21, 200 kHz, and 28, 100 - 28, 200 kHz, the power 
input to the transmitter final amplifying stage supplying radio frequency 
energy to the antenna shall not exceed 250 watts, exclusive of power for 
heating the cathode of a vacuum tube(s). 


97.74 FREQUENCY MEASUREMENT AND REGULAR CHECK 

The licensee of an amateur station shall provide for measurement of 
the emitted carrier frequency or frequencies and shall establish procedure for 
making such measurements regularly. The measurement of the emitted car- 
rier frequency or frequencies shall be made by means independent of the 
means used to control the radio frequency or frequencies generated by the 
transmitting apparatus and shall be of sufficient accuracy to assure operating 
within the amateur frequency band used. 


97.78 PRACTICE TO BE OBSERVED BY ALL LICENSEES 

In, all aspects not specifically covered by these regulations, each ama- 
teur station shall be operated in accordance with good engineering and good 
amateur practice. 
97.79 CONTROL OPERATOR REQUIREMENTS 

(a) The licensee of an amateur station shall be responsible for its pro- 
per operation. 


(b)Every amateur radio station, when in operation, shall have a con- 
trol operator at an authorized control point. The control operator shall be 
on duty, except where the station is operated under automatic control. The 
control operator may be the station licensee, if a licensed amateur radio 
operator, or may be another amateur radio operator with the required class 
of license and designated by the station licensee. The control operator shall 
also be responsible, together with the station licensee, for the proper opera- 
tion of the station. 


(c) An amateur station may only be operated in the manner and to 
the extent permitted by the operator privileges authorized for the class of 
license held by the control operator, but may exceed those of the station 
licensee provided proper station identification procedures are performed. 

(d) The licensee of an amateur radio station may permit any third 
party to participate in amateur radio communication from his station, pro- 
vided that a control operator is present and continuously monitors and 
supervises the radio communication to insure compliance with the rules. 


97.82 AVAILABILITY OF OPERATOR LICENSE 

The original license of each operator shall be kept in the personal 
possession of the operator while operating an amateur station. When operat- 
ing an amateur station at a fixed location, however, the license may be post- 
ed in a conscipuous place in the room occupied by the operator. The license 
shall be available for inspection by an authorized government official when- 
ever the operator is operating an amateur station and, at other times, upon 
request made by an authorized representative of the Commission, except 
when such license has been filed with application for modification or renew- 
al thereof, or has been mutilated, lost or destroyed, and application has been 
made for a duplicate license in accordance with 97.57. Photo copies of the 
license can be made but cannot be used in lieu of the original as required by 
this section. 
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97.83 AVAILABILITY OF STATION LICENSE 

The original license of each amateur station or a photocopy thereof 
shall be posted in a conspicuous place in the room occupied by the licensed 
operator while the station is being operated at a fixed location, or shall be 
kept in his personal possession. When the station is operated at other than a 
fixed location, the original station license or a photocopy thereof shall be 
kept in the personal possession of the station licensee (or a licensed represen- 
tative) who shall be present at the station while it is being operated as a port- 
able or mobile station. The original station license shall be available for 
inspection by any authorized Government official at all times while that sta- 
tion is being operated, and at other times upon request made by an authoriz- 
ed representative of the Commission, except when such license has been filed 
with application for modification or renewal thereof, or has been mutilated, 
lost, or destroyed, and request has been made for a duplicate license in ac- 
cordance with § 97.57. 


97.84 STATION IDENTIFICATION 

(a) An amateur station shall be identified by the transmission of its 
call sign at the beginning and end of each single transmission or exchange of 
transmissions and at intervals not to exceed 10 minutes during any single 
transmission or exchange of transmissions of more than 10 minutes duration. 
Additionally, at the end of an exchange of telegraphy (other than teleprint- 
er) or telephony transmissions between amateur stations, the call sign (or the 
generally accepted network identifier) shall be given for the station, or for at 
least one of the group of stations, with which communication was estab- 
lished. 

(b) Under conditions when the control operator is other than the sta- 
tion licensee, the station identification shall be the assigned call sign for that 
station. However, when a-station is operated within the privileges of the 
operator’s class of license but which exceeds those of the station licensee, 
station identification shall be made by following the station call sign with 
the operator’s primary station call sign (i.e. WN4XY Z/W4XX). 


97.89 POINTS OF COMMUNICATIONS 


(a) Amateur stations may communicate with: 

(1) Other amateur stations, excepting those prohibited by Ap- 
pendix 2. (2) Stations in other services licensed by the FCC and with US 
Government stations for civil defense purposes in accordance with Subpart 
F, in emergencies, and on a temporary basis, for test purposes. (3) Any sta- 
tion which is authorized by the FCC to communicate with amateur stations. 

(b) Amateur stations may be used for transmitting signals, or commu- 
nications, or energy, to receiving apparatus for the measurement of emissions, 
temporary observation of transmission phenomena, radio control of remote 
objects, and similar experimental purposes and for the purposes set forth in 
$97.91. 


97.91 ONE-WAY COMMUNICATIONS 

In addition to the experimental one-way transmission permitted by 
Section 97.89, the following kinds of one-way communications addressed to 
amateur stations, are authorized and will not be construed as broadcasting: 
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(a) Emergency communications, including bonafide emergency drill 
practice transmissions; 

(b) Information bulletins consisting solely of subject matter having 
direct interest to the amateur radio service as such; 

(c) Round-table discussions or net-type operations where more than 
two amateur stations are in communication, each station taking a turn at 
transmitting to other station(s) of the group; and 

(d) Code practice transmissions intended for persons learning or im- 
proving proficiency in the International Morse Code. 


97.103 STATION LOG REQUIREMENTS 

An accurate legible account of station operation shall be entered into 
a log for each amateur radio station. The following items shall be entered as 
a minimum: 

(a) The call sign of the station, the signature of the station licensee, 
or a photocopy of the station license. 

(b) The locations and dates upon which fixed operation of the station 
was initiated and terminated. If applicable, the location and dates upon 
which portable operation was initiated and terminated at each location. 

(1) The date and time periods the duty control operator for the sta- 
tion was other than the station licensee, and the signature and primary sta- 
tion call sign of that duty control operator. 

(2) A notation of third party traffic sent or received, including names 
of all third parties, and a brief description of the traffic content. This entry ~ 
may be in a form other than written, but one which can be readily transcrib- 
ed by the licensee into written form. 

(3) Upon direction of the Commission, additional information as dir- 
ected shall be recorded in the station log. 


97.105 RETENTION OF LOGS 

The station log shall be preserved for a period of at least 1 year fol- 
lowing the last date of entry and retained in the possession of the licensee. 
Copies of the log, including the sections required to be transcribed by 
97.103, shall be available to the Commission for inspection. 


97.113 BROADCASTING PROHIBITED 

Subject to the provisions of 97.91 of these rules, an amateur station 
shall not be used to engage in any form of broadcasting, that is, the dissemi- 
nation of radio communications intended to be received by the public direct- 
ly or by the intermediary of relay stations, nor for the retransmission by 
automatic means of programs or signals emanating from any class of station 
other than amateur. The foregoing provision shall not be construed to pro- 
hibit amateur operators from giving their consent to the rebroadcast by 
broadcast stations of the transmissions of their amateur stations, provided, 
that the transmissions of the amateur stations shall not contain any direct or 
indirect reference to the re-broadcast. 


97.114 THIRD PARTY TRAFFIC 

The transmission or delivery of the following amateur radio-commu- 
nication is prohibited: 

(a) International third party traffic except with countries which have 
assented thereto; 
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(bo) Thrid party traffic involving material compensation, either tangi- 
ble or intangible, direct or indirect, to a third party, a station licensee, a con- 
trol operator, or any other person. 

(c) Except for an emergency communication as defined in this part, 
third party traffic consisting of business communications on behalf of any 
party. For the purpose of this section business communication shall mean 
any transmission or communication the purpose of which is to facilitate the 
regular business or commercial affairs of any party. 


97.119 OBSCENITY, INDECENCY, PROFANITY 
_ No licensed radio operator or other person shall transmit communi- 
cations containing obscene, indecent or profane words, language or meaning. 


97.123 UNIDENTIFIED COMMUNICATIONS 
No licensed radio operator shall transmit unidentified radio commu- 
nications or signals. 


97.125 INTERFERENCE 

No licensed radio operator shall willfully or maliciously interfere 
with or cause interference to any radio communication or signal. (The penal- 
ty for violation of this rule is as follows: A fine of up to $500.00 for each 
day during which the offense occurs, and suspension of the operator’s 
license. In case the interference is in connection with distress communica- 
tions, the penalty may be a maximum fine of $10,000.00 or imprisonment 
up to one year, or both, and the revocation of the station license). 


97.131 RESTRICTED OPERATION 

(a) If the operation of an amateur station causes general interference 
to the reception of transmissions from stations operating in the domestic 
broadcast service when receivers of good engineering design including ade- 
quate selectivity characteristics are used to receive such transmissions, and 
this fact is made known to the amateur station licensee, the amateur station 
shall not be operated during the hours from 8 p.m. to 10:30 p.m., local time, 
and on Sunday for the additional period from 10:30 a.m. until 1 p.m., local 
time, upon the frequency or frequencies used when the interference is 
created. | 
(b) In general, such steps as may be necessary to minimize interfer- 
ence to stations operating in other services may be required after investiga- 
tion by the Commission. 


97.133 SECOND NOTICE OF SAME VIOLATION 

In every case where an amateur station licensee is cited within a 
period of 12 consecutive months for the second violation of the provisions 
of §§97.61, 97.63, 97.65, 97.71, or 97.78, the station licensee, if directed 
to do so by the Commission, shall not operate the station and shall not per- 
mit it to be operated from 6 p.m. to 10:30 p.m., local time, until written 
notice has been received authorizing the resumption of full-time operation. 
This notice will not be issued until the licensee has reported on the results of 
tests which he has conducted with at least two other amateur stations at 
hours other than 6 p.m. to 10:30 p.m., local time. Such tests are to be made 
for the specific purpose of aiding the licensee in determining whether the 
emissions of the station are in accordance with the Commission’s rules. The 
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licensee shall report to the Commission the observations made by the co- 
operating amateur licensees in relation to the reported violations. This re- 
port shall include a statement as to the corrective measures taken to insure 
compliance with the rules. 


97.135 THIRD NOTICE OF SAME VIOLATION 

In every case where an amateur station licensee is cited within a 
period of 12 consecutive months for the third violation of § §97.61, 97.63, 
97.65, 97.71, or 97.738, the station licensee, if directed by the Commission, 
shall not operate the station and shall not permit it to be operated from 8 
a.m. to 12 midnight, local time, except for the purposes of transmitting a 
prearranged test to be observed by a monitoring station of the Commission 
to be designated in each particular case. The station shall not be permitted to 
resume operation during these hours until the licensee is authorized by the 
Commission, following the test, to resume full-time operation. The results of 
the test and the licensee’s record shall be considered in determining the advi- 
sability of suspending the operator license or revoking the station license, or 
both. 


97.137 ANSWERS TO NOTICES OF VIOLATIONS 

Any licensee receiving official notice of a violation of the terms of 
the Communications Act of 1934, as amended, any legislative act, Executive 
order, treaty to which the United States is a party, or the rules and regula- 
tions of the Federal Communications Commission, shall, within 10 days 
from such receipt, send a written answer direct to the office of the Commis- 
sion originating the official notice: Provided, however, That if an answer can- 
not be sent or an acknowledgment made within such 10-day period by rea- 
son of illness or other unavoidable circumstances, acknowledgment and an- 
swer shall be made at the earliest practicable date with a satisfactory expla- 
nation of the delay. The answer to each notice shall be complete in itself and 
shall not be abbreviated by reference to other communications or answers to 
other notices. If the notice relates to some violation that may be due to the 
physical or electrical characteristics of transmitting apparatus, the answer 
shall state fully what steps, if any, are taken to prevent future violations, and 
if any new apparatus is to be installed, the date such apparatus was ordered, 
the name of the manufacturer, and promised date of delivery. If the notice 
of violation relates to some lack of attention to or improper operation of the 
transmitter, the name of the operator in charge shall be given. 


PRACTICE QUESTIONS — LESSON 14 


1 One of the fundamental purposes of amateur radio is not: 
a. enhancing international good will. 
b. expanding the reservoir of electronics experts. 
c. advancing technical skills of radio. 
d. encouraging others to become radio amateurs. 


2 In the event of a violation of the Rules at a transmitter operated by a con- 
trol operator other than the station licensee, who is responsible? 
a. the licensee. 
b. the control operator. 
c. the licensee and the control operator. 
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d. the owner of the station. 


Which one of the following types of one-way communication is not pro- 
hibited? 


a. music c. round table discussions 

b. broadcasting d. unidentified communications 
For how long must a log be preserved? 

a. 6 months b. 12 months c. 2 years d. 3 years 


The control operator: 

a. is designated by the FCC. 

b. may be designated by the station licensee. 

c. must have a higher class of license than the station licensee 
d. is not responsible for the emissions from the station. 


A log need not contain: r 
a. location of operation. 

b. notation of third party traffic. 

c. the operating frequency. 

d. dates of operation. 


Radio messages having top priority are: | 
a. relief or emergency messages c. ordinary calls 
b. messages sent to foreign amateurs d. ship to shore messages 


The maximum input power permitted to the final stage of a transmitter, 
owned and operated by a Novice operator, is: 


a. 50 watts b. 75 watts c. 100 watts d. 250 watts 
Which of the following is true for a Novice license? 

a. it is valid for 5 years c. it may not be renewed 

b. it is valid for 1 year d. it is valid for 3 years 


Station identification must be transmitted at intervals not to exceed: 
a. 30 minutes b. 15 minutes c.10minutes  d. one hour 


One way communications are not allowed for; 
a. emergency communications c. broadcasting music 
b. authorized code practice transmissions d. round-table discussions 


Third party traffic is allowed for: 
a. emergency communication c. business. 
b. profit d. profit for the amateur. 


The penalty for willful interference with other radio communications is: 
a. restricting operation to the 20 meter band 

b. restricting operator to telegraph operation 

c. fine and suspension of license 

d. restriction to local calls 


A state of emergency affecting amateur communications becomes effective 
when: 

a. an emergency occurs 

b. so ordered by the FCC 

c. at the discretion of the operator 

d. 3 hours after the emergency has started 
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FINAL NOVICE CLASS 
“FCC-TYPE” EXAMINATION 


What part of the FCC,mles govern the Amateur Radio Service? 

a. 95 GP ew CoS c. 74 

In what two phases Of the radio art do the FCC rules encourage improve- 

ment? 

a. technical and communications 

b. speech and communications 

c. technical and international good will 

d. legal and communications 

A control operator of a station: 

a. must be designated by the FCC 

b. must be designated by the engineer-in-charge of the local FCC radio dis- 
trict office 

c. may be designated by the station licensee 

d. must hold a General Class or higher grade of license 

Which of the following is not prohibited? 


a. unidentified communications c. profanity 

b. broadcasting _ d. round table discussions 

For how long must a station log be preserved? 

a. 1 year b. 2 years c. 3 years d. 5 years 


Which of the following frequencies cannot be used by a Novice class oper- 
ator? 

a. 3741 kHz c. 21, 101 kHz 

b. 7152 kHz d. 28, 101 kHz 

The holder of a Novice Class license may operate an amateur radiotele- 
phone station in the following band: 


a. 145 MHz - 147 MHz c. 28.5 MHz - 29.7 MHz 
b. 147 MHz - 149 MHz d. none of the above 
Which of the following indicates the end of the entire transmission? 
a. K b. SK c. DE d. AR 


Which of the following reports indicates a moderately strong signal that 
is readable, but with considerable difficulty? 

a. R2S8 b. R287 c. R488 d. R38S7 
What is the meaning of QRS? 

a. shall I transmit more slowly? 

b. am I being interfered with? 

c. what is your location? 

d. what is your signal strength? 

What is the unit of capacitance? 


a. henry b. farad c. ohm d. volt 

The abbreviation for kiloHertz is: 

Pine Sl DaKi ce. kZ d. kHz 

The unit of inductance is the: 

a. ohm b. farad c. henry d. joule 
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Continuous Wave is abbreviated by: 


a. CW b. CN c. CS.WV. d. CU 
AC is changed to DC by means of a 

a. rectifier c. filter 

b. transistor d. transformer — 

Which of the following stores electrostatic charges? - 

a. inductance c. resistance 

b. capacitance d. storage battery 


What is the total resistance of a circuit containing a 12 ohm resistor in 
parallel with a 24 ohm resistor? 

a. 12 ohms b. 36 ohms c. 12 ohms d. 8 ohms 

In a pinetwork circuit, the variable capacitor closest to the plate of the 
amplifier tube: 

a. is much larger than the antenna loading capacitor 

b. is tuned for a plate current dip 

c. is tuned to neutralize the RF amplifier stage 

d. is tuned for a dip in the RF antenna current 

What is the input power to the final RF amplifier stage of a Novice trans- 
mitter having a plate voltage of 300 V, a plate current of 70 ma, a screen 
voltage of 150 V, ascreen current of 10 ma, a driving power of .4 watts, a 
filament voltage of 6.3 volts and a filament current of 300 ma? 

a. 22.9W b. 22.5 W c. 21 W d. 24.79 W 
What is the input power to the final RF amplifier stage of a Novice trans- 
mitter having a plate voltage of 400 V, a plate current of 80 ma, a screen 
voltage of 125 V, a screen current of 5 ma, a driving power of .6 watts, 
a filament voltage of 12.6 volts and a filament current of 150 ma? 

a. 32 W b. 84.49 W ce. 35.115 W d. 33.225 W 
A heterodyne frequency meter contains, among other components: 

a. two crystal controlled oscillators 

b. a mixer and an AF amplifier 

c. an electron-coupled oscillator and two detectors 

d. a variable oscillator and a detector 

What is the value of a resistor having a current of 3 amperes flowing 
through it and 380 volts across it? 


a. 10 ohms br leohm c. 90 ohms d. 270 ohms 
By injecting a small quantity or arsenic into silicon, we can make a: 

a. high frequency conductor c. resistor 

b. high frequency insulator d. semiconductor 


An advantage of a transmatch is not: 

a. a reduction of harmonics 

b. matches transmitter to antenna system 
c. amplifies RF from final amplifier 

d. feeds maximum energy to antenna 
Which of the following cannot be used to determine that an emission from 
a transmitter is within an amateur band? 
a. heterodyne frequency meter 

b. receiver 

c. thermocouple-type meter 

d. wavemeter 

An advantage of a multiband antenna is: 
a. low SWR 

b. high efficiency 
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c. high directivity 

d. several bands can be operated with one antenna 

A Novice Class operator may operate an amateur radio station in the fol- 
lowing band: 

a. 3700 kHz - 3750 kHz c. 21.0 MHz - 21.25 MHz 

b. 50.0 MHz - 54.0 MHz d. 145.0 MHz - 147.0 MHz 

The maximum input power permitted to the final stage of a transmitter, 
owned or operated by a Novice Class operator, is: 


a. 50 W b. 250 W c. 100 W d. 1000 W 
The term of a Novice Class license is: 
a. 1 year b. 2 years c. 3 years d. 5 years 


A Novice Class license is renewable under the following conditions: 

a. upon application by the Novice operator 

b. if the Novice operator can show proof of still being able to pass the ori- 
ginal examination 

c. proof must be given of 3 actual contacts with radio amateurs 

d. The Novice Class license is not renewable under any conditions 

The log of an amateur station must be preserved for: 

a. 6 months b. 1 year c. 2 years d. 3 years 

The log of an amateur station is: 

a. a special type of radio calendar 

b. the rules and regulations of the FCC pertaining to the amateur operator 

c. a written record of transmissions made by the amateur operator 

d.a copy of the frequencies that an amateur can use under his class of 
license 

The second harmonic of 400 kHz is: 


a. 400 c b. 800 c c. 800 kHz d. 1200 kHz 
One kiloHertz is equal to: 

a. 1000 Hertz c. 1000 megaHertz 

b. 10,000 Hertz d. 100,000 Hertz 


Interference due to sparking at the telegraph key contacts can be elimin- 

ated by a: 

a. spark suppressor c. key-click filter 

b. resistor spark plug d. spark gap device 

The method of frequency control required in a station licensed to the 

holder of a Novice Class license is: 

a. automatic frequency control 

b. crystal control 

c. electron-coupled oscillator must be used 

d. any standard method 

An amateur shall establish a procedure for measuring his carrier frequency: 

a. when so ordered by the FCC 

b. once a year 

c. at regular intervals 

d. when asked to do so by another amateur 

The means by which an amateur measures his emitted frequency shall be: 

a. sufficiently accurate to assure operation within the amateur band being 
used 

b. accurate within 2% of the dial calibrations 

c. accurate within 5% of the dial calibrations 

d. crystal controlled 

The third harmonic of 2 MHz is: 

a. 6 MHz b. 8 MHz ec. 12 kHz d. 12 MHz 
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A transmatch is used to: 

a. match the impedance of a microphone to the impedance of the first AF 
tube 

b. match the impedance of the transmitter to the impedance of the anten- 
na system 

c. increase the flow of harmonics to the antenna 

d. tune the final amplifier stage of the transmitter 

One megaHertz is equal to: 


a. 100,000 Hertz c. 1,000 Hertz 

b. 1,000,000 Hertz d. 100 kiloHertz 

The ideal SWR is: 

a 10:1 Deord Ch Oar ao i:T 
Which of the following elements are exclusive to a transistor? 

a. grid, plate, emitter c. base, emitter, collector 
b. base, cathode, collector d. base, cathode, collector 


Which of the following elements are exclusive to a tetrode vacuum tube? 
a. screen grid, plate, cathode 

b. control grid, supressor, emitter 

c. screen grid, cathode, base 

d. screen grid, collector, cathode 

A CW transmitter does not contain a/an: 


a. detector c. R.F. Amplifier 

b. oscillator d. power amplifier 

An oscillator does not contain a/an: 

a. tuned circuit c. tetrode 

b. diode d. method of feedback 

The weak output signal of a microphone is made larger by means of a/an: 
a. detector b. AF amplifier c. RF amplifier d. speaker 
VHF stands for: 

a. vacuum high frequency c. variable heterodyne frequency 
b. very high frequency d. voltage high wave 

Power is measured by a/an: 

a. wattmeter c. watt-hour meter 

b. frequency meter d. voltmeter 

A tuned circuit consists of a/an: 

a. coil and resistor c. coil and capacitor 

b. capacitor and resistor d. transformer and resistor 
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APPENDIX | 
STUDY GUIDE FOR ELEMENT 2 EXAMINATION 


FOR NOVICE CLASS AMATEUR RADIO OPERATOR LICENSE 


A. RULES AND REGULATIONS 


A. 2.1. BASIS AND PURPOSE: (1) Voluntary non-commercial communica- 
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tions service, (2) Advancement of the radio art, (3) Creation of a 
reservoir of trained radio operators and electronic experts. 
DEFINITIONS: (1) Amateur Radio Service, (2) Amateur radio oper- 
ator, (3) Amateur radio station, (4) Control operator, (5) Station 
license, (6) Primary station. 


. NOVICE CLASS OPERATOR PRIVILEGES: (1) Frequencies, (2) 


Emissions, (3) Transmitter power. 


. LIMITATIONS: (1) License period, (2) Antenna structures. 
. RESPONSIBILITIES: (1) Station licensee, (2) Third Party, (3) 


Control operator. 


. STATION OPERATION: (1) Station identification, (2) One-way 


communications, (3) Operator license availability, (4) Station license 
availability, (5) Station logs, (6) Frequency measurement, (7) Points 
of communication. 

ADMINISTRATIVE SANCTIONS: (1) Notice of violation (2) Re- 
stricted operation. 

PROHIBITED PRACTICES: (1) Broadcasting, (2) Unidentified com- 
munications, (8) Obscenity, indecency and profanity, (4) Interfer- 
ence, (5) Third party traffic. 

LICENSES: (1) General eligibility: (a) Operator, (b) Station; (2) Re- 
newal, (3) Commission Modification, (4) Availability and posting. 


B. RADIO PHENOMENA 


DEFINITIONS: (1) Sky wave, (2) Ground wave, (3) Refraction, (4) 
Sunspot cycle, (5) Skip distance, (6) Wavelength, (7) Ionosphere. 
WAVE PROPAGATION: (1) Types of propagation: (a) Skywave 
versus ground wave; (2) Atmospheric conditions versus communica- 
tions: (a) Daylight versus night hours, (b) Seasonal variations, (c) 
Ionospheric storms; (3) Effects of ionization upon wave propagation, 
(4) Wavelength versus frequency, (5) Frequency versus distance, (6) 
Velocity of radio waves. 


C. OPERATING PROCEDURES 


BASIC PRINCIPLES: (1) Courtesy, (2) Frequency selection, (3) 
Frequency sharing, (4) Avoiding interference. 

TELEGRAPHY PROCEDURES: (1) Q signal system, (2) R.S.T. re- 
porting system, (3) Standard abbreviations, (4) Choice of code speed. 


. PUBLIC SERVICE OPERATING: (1) Responsibility, (2) Message 


traffic, (3) Network operation, (4) Operation during emergencies. 


D. EMISSION CHARACTERISTICS 


. DEFINITIONS: (1) Spurious emissions, (2) Key Clicks, (3) Chirps, 


(4) Carrier frequency, (5) Frequency drift, (6) Continuous waves. 


. CLASSIFICATION OF EMISSIONS: (1) AQ, (2) A1. 
. GENERAL FACTORS CONCERNING Al EMISSIONS: (1) Stan- 


dards of good quality Al emissions, (2) Methods of keying, (3) Fre- 
quency stability, (4) Monitoring the transmitted signal. 
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E. ELECTRICAL PRINCIPLES 


. DEFINITIONS: (1) Electromotive force, (2) Resistance, (3) Capa- 


citance, (4) Inductance, (5) Alternating current, (6) Hertz, kilohertz 
& megahertz, (7) Direct current, (8) Voltage drop, (9) Electrical 
power, (10) Rectification, (11) Spurious signals, (12) Harmonics. 


. FUNDAMENTAL UNITS AND CONCEPTS: (1) Units: (a) Volt, (b) 


Ampere, (c) Ohm, (d) Watt, (e) Henry, (f) Farad; (2) Potential differ- 
ence, (3) Electrical energy. 


. DIRECT CURRENT THEORY: (1) Ohm’s Law: (a) Fundamental 


calculations: (i) Current, (ii) Voltage, (iii) Power; (b) Resistance: (i) 
In series, (ii) In parallel; (2) Series and parallel circuits: (i) Current 
through the branches, (ii) Voltage across the branches. 


. PRINCIPLES OF MAGNETISM: (1) Fundamental laws: (a) Magnetic 


fields, (b) Magnetomotive force. 


F. PRACTICAL CIRCUITS 


. BASIC CIRCUITS: (1) Elementary oscillators, (2) Elementary ampli- 


fiers, (3) Elementary transmitters, (4) Elementary receivers. 


. FILTER CIRCUITS: (1) Types versus utilization: (a) Key click, (b) 


Low pass, (c) High pass. 


. SOLID STATE AND VACUUM TUBE RECTIFIER CIRCUITS: (1) 


Types versus utilization: (a) Half wave, (b) Full wave. 


G. CIRCUIT COMPONENTS 


. COMPONENT PARTS: (1) Types characteristics, applications, and 


schematic symbols: (a) Capacitors, (b) Crystals, (c) Transformers, (d) 
Resistors, (e) Diodes, (f) Transistors, (g) Inductors. 

VACUUM TUBES: (1) Classification by elements, (2) Basic operat- 
ing principles. 

METERS: (1) Voltmeter, (2) Ammeter, (3) Ohmmeter. 


H. ANTENNAS AND TRANSMISSION LINES 


DEFINITIONS: (1) Electrical length, (2) Antenna input impedance, 
(3) Characteristic impedance, (4) Standing waves, (5) Transmatch. 
DIPOLE ANTENNA: (1) Basic characteristics, (2) Length versus 
frequency, (3) Harmonic operation. 
TRANSMISSION LINES: (1) Types: (a) Open-wire parallel con- 
ductor, (b) Single wire line, (c) Coaxial; (2) Standing wave ratio: (a) 
Significance, (b) Measurement. 


I. RADIO COMMUNICATION PRACTICES 


DEFINITIONS: (1) Ground Rod, (2) Ground potential, (3) Ampli- 
fier plate circuit. 

RADIO FREQUENCY INTERFERENCE: (1) Television receiver 
interference, (2) Audio equipment interference, (3) Harmonic radia- 
tion, (4) Interference to other devices. 

USE OF TEST EQUIPMENT: (1) Voltmeter, (2) Ammeter, (3) Ohm- 
meter, (4) Wattmeter. 

TRANSMITTERS: (1) Determination of transmitter power, (2) 
Determination of transmitter frequency, (3) Tuning and loading, (4) 
Harmonic tests and reduction. 

SAFETY: (1) Electrical shock avoidance, (2) Lightning protection, 
(3) Treatment for electrical shock, (4) Antenna support installation 
and maintenance. 
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APPENDIX 2 
COMMON RADIO SYMBOLS 


4” 
“Lone ° Le 
a ia fa | Ewa aiee pris TIP 


&H 


RING 
CAPACITY TUNED INDUCTIVELY TUNED sade vane 
cere ase rear INTERMEDIATE TRANSFORMER japee 
& —.| [— or — | OR — —— 
capacitor-fixed 


DIODE-INDIRECTLY HEATED 


GROUNDED OR LOW 
CONTROL POT EN TIAE SIDE 
GRID Te F 
OR | OR 


capacitor 
TRIODE -INDIRECTLY HEATED variable 
SCREEN ° 
CONTROL 4N\ 
GRIO : ~ 
TETRODE 
CONNECTION WIRES CROSSING SELECTOR SWiiGH 
SUPPRESSOR 
GRID 
sags ER SCREEN 
GRI 
“ Se GRID ye 
PENTODE - INTERNALLY -— 
CONNECTED SUPPRESSOR; TS eS es 
capacitor capacitor 
VARIABLE*GANG TUNED VARIABLE -SPLIT STATOR 
CONVERTER mene iy = powoe< 
— — MULTI- TWISTED 
SINGLE TWIN CONDUCTOR PAIR 
COAXIAL CABLES CABLES 


DOUBLE DIODE- 
INDIRECTLY HEATED 


os ? 
eae eee 


SHIELD WIRES— . 
DOUBLE TRIODE SHIELD GROUNDED WAFER SWITCH TWO CIRCUIT BREAK 
INDIRECTLY HEATED 


area ey 


— = SIMPLE 
* HORTIN P 
Pentode witH EXTERNALLY capacitor eae CHANGING 
CONNECTED SUPPRESSOSS MULTI-SECTION, FIXED TELEGRAPH KEYS 
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APPENDIX 2 
COMMON RADIO SYMBOLS 


\ 


van VARIAB 


FIXED RESISTOR Le 
RESISTOR 


POTENTIOMETER WR epee 


KEY 
VOLTMETER —()}— Pes 
BATTERY ae | | {+} — a 
CAPACITOR — con IRON CORE 
CHOKE COIL * 


—awhws 
es Gere ame 
—{«}— 
i Ne, ge 
ae 
——(~}-— 


2 SOURCE OF 
0-C GENERATOR ALTERNATING 
VOLTAGE 
0-C MOTOR A-C MOTOR 
SINGLE POLE Pal Tore | 
: oe DOUBLE POLE, b ASCARI 
SINGLE THROW SINGLE THROW 
SWITCH WITCH of arin 
SINGLE POLE, pe eK — 
DOUBLE THROW 
SWITCH 
AIR CORE x 
TRANSFORMER 
IRON CORE 
TRANSFORMER * 
HORSESHOE 
MAGNET 
BAR MAGNET ie 2c BEMIS) 


*Bither (0000) or SYYYL may be used to represent 


coils of wire on chokes or transformers. 
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APPENDIX 3 
RADIO ABBREVIATIONS 


Abbreviation Meaning 


a, or amp..... ampere 
ee ei ere os secon wigs microampere 

WAS Vere yhetiedele dees milliampere 

ids Be} ote REN et me AR” farad (rarely used alone) 

JU nS sche Saye oes microfarad | 

ppt or pf...... micromicrofarad or picofarad 
DPMildiarmnste ante frequency 

robe Fa of oe npnennad Ay cycles 

Coy 61 ber ge ea a cycles per second 

RGus fees oes kilocycles per second 

DEG tas ee oles Megacycles per second 

Te Ore gee --. henry 

st giao ae eeeee millihenry 

Bare os eee microhenry 

269 ha rm gay inductive reactance (in ohms) 
EGY se Wiern Scie Oe we capacitive reactance (in ohms) 
<2 (Omega)--- ohm resistance 

MOT rt to eet ss & megohm (one million ohms) 

) ake Crane toe fare volt 

DARE et ar tr a5 aa watt 

Lae ene PSP See power (in watts) 

i OMPRPR ras ERE alternating current 

6 | See ae aa direct current 
APRS ie 5 50 audio frequency 

PGE OS caial cdeeevaickets radio frequency 

Dee ins eles aie intermediate frequency 

fa egy ae tee tuned radio frequency 

WV ea ek eas continuous wave 

PONE i oeare-stira ees amplitude modulation 

FONE aia Ware eee aie frequency modulation 

BAIVLE actiracces ss aa electromotive force (in volts) 
Ae ewe sige master oscillator power amplifier 
|e 8) Uae bole Pare ce Eastern Standard Time 

ANU, seas ares Greenwich Mean Time 


*The term ''Hertz" has been used in place of cycles in recent 
years, The abbreviation for Hertz is Hz. We can, therefore, 
also use the terms kiloHertz and MegaHertz. 


The abbreviation for kiloHertz is kHz. 
The abbreviation for MegaHertz is MHz. 
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APPENDIX 4 
ANSWERS TO PRACTICE QUESTIONS 
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A@ emission, 78 
Al emission, 78 
A2 emission, 78 
A3 emission, 78 
Absorption type frequency 
meter, 91 
AC (see Alternating Current) 
Acceptor, 40 
AF (see Audio Frequency) 
Air core transformer, 34 
Alternating current, 36 
Alternating current. 
generator, 26 
Amateur frequencies, 104 
Ammeter, 10 
Ampere, 10 
Ampere-turns, 23 
Amplification, Audio fre- 
quency, 9 
Intermediate frequency 
Radio frequency, 55, 65 
Transistor, 53 
Triode, 50° 
Amplitude, 28 
Amplitude modulation, 76 
Amplitude, Peak, 28 
Antennas, 84 
Antenna, "Dummy, 87 
Half-wave, 86 
Hertz, 86 
Marconi, 86 
Multiband, 87 
Antenna impedance, 85 
Antenna radiation, 80 
Antenna structure 
limitations, 106 
Antenna, Support of, 89 
Armstrong oscillator, 61 
Audio frequency, 56 
Audio frequency amplifiers, 55 


B 


95 


Backwave, 66 
Bar magnet, 22 
Base, 52 
Battery, 10 
Bias, 
Forward, 41 
Grid, 50° 
Reverse, 41 


Blocked grid keying, 67“ 
C 
"C' battery, 49 
Capacitance, 30 
Capacitive reactance, 32 
Capacitor coupling, 65 
Capacitor, Variable, 31 
Cathode, 37 
Cathode, Directly heated, 37 
Indirectly heated, 37 
Characteristic impedance of 
transmission line, 88 
Charge, 8 
Chirp, 67 
Circuits, Electrical, 10 
Open, 11 
Parallel, 14 
Pi- network, 69 
Series, 13 
Short, 11 
Tank, 60 
Tuned, 32, 59 
Coaxial cable, 88 
Collector, 53. 
Compass, 20 
Complete circuit, 11 
Conductors, 8 
Continuous wave transmitter, 64 
Control grid, 48 
Copper, 
Copper wire, 7, 8 
Counter- EME, 99 
Courtesy, 97 
CPS (cycles per second), 28 
Crystal-controlled 
oscillator, 62 
Current, 10 
CW (see Continuous Wave) 
Cycle, 


D 


DC (see Direct Current) 
Detector, 93 
Detector, Second, 95 
Difference of potential, 7, 8 
Dielectric, 30 

Air, 30 
Diode as a conductor, 38 
Diode as a non-conductor, 39 
Direct current, 10 
coe heated cathode, 37 
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Distortion, Harmonic, 69 Harmonic distortion, 69 


Donor, 40 Headphones, 57 
Door interlock switch, 73 Henry, 29 
Doping, 40 Hertz, 28 
Dry ceil, 10 Hertz antenna, 86 
Dummy antenna, 87 Heterodyne frequency meter, 91 
E High-pass filter, 72 
Hole, 41 


Electric shock treatment, 73 


Electromagnetism, 22 Horseshoe magnet, 22 


Electromotive Force(EMF), 9 I 
Electron, 7 IF (see Intermediate Frequency) 
Electron Cloud, 39 Impedance, 34 
Electron Emission, 36 Impedance matching, 87, 88 
Emergency Operation, 100 Incandescence, 36 
Emitter, 52 Indirectly heated cathode, 37 
Examination, Amateur, 105 Induced voltage, 23 

F Inductance, 28 
Pall of dotentta iD Induction, Self, 29 
Deed ee Inductive feedback, 61 

b 


Inductive reactance, 32 

Insulators, 8, 40 

Interference in amateur band, 97 

Interference, Radio fre- 
quency, 70 


Feedback, Magnetic, 61 
Field, Magnetic, 21 
Filament, 37 
Filament-cathode, 37 
ee Fo ete aa ‘Ne Television, 71 
ey -clic 
L ow-pass, 71 Intermediate frequency (IF), 94 


Filtering, 46, 71 Internal resistance of dry 


Flux, 21 cell, 16 ; 
Forward bias, 41 Ionization of ionosphere, 81 


Frequency, 28 Ionosphere, 80, 81 


Frequency marker, 92 J, K 
Frequency measurement, 90 Joule, 17 
Frequency meter, 91 Key -clicks, 66 
Absorption type, 91 Key -click filter, 67 
Heterodyne type, 91 Keying, Blocked grid, 67 
Frequency of oscillation, 60 Keying, Plate, 67 
Frequency sharing, 99 Keying, Transformer 
Frequency stability, 61 primary, 67 
Full-wave rectifier, 45 Kilocycle (ite), 28 
G KiloHertz (kHz), 28 
Galvanometer, 24 itpyolg ag 
' Generator, Alternating L 
current, 26 Law of electric charges, 7 
Gilbert, 2 Law of magnetic poles, 20 
Grid, control, 48 Lightning discharge on 
Grid bias, 50 antenna, 90 
Ground, 90 Logs, 110 
Ground potential, 90 Loran, 99 
Ground wave, 80 Low-pass filters, 71 
H M 
Half-wave antenna, 86 Magnet, 20 
Half-wave rectifier, 45 Bar, 21 
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Horseshoe, 22 
Permanent, 22 
Temporary, 22 
Magnetic circuit, 21 
Magnetic feedback, 61 
Magnetic field, 21 
Magnetic lines of force, 20 
Magnetic poles, 20 
Magnetic repulsion, 20 
Magnetomotive force, 23 
Majority carriers, 41 
Marconi antenna, 86 
Master oscillator, power- 
amplifier transmitter, 65 
Matter, 7 
Megacycle (Mc), 28 
MegaHertz (MHZ), 28 
Megohm, 8 
Message traffic, 101 
Microammeter, 10 
Microampere, 10 
Microfarad, 31 
Microhenry, 29 
Microphone, 56 
Milliammeter, 10 
Milliampere, 10 
Millihenry, 29 
Minority carriers, 41 
Modulated telegraphy, 78 
Modulated transmitter, 76 
Morse code, 64 
Multiband antennas, 87 
N, O 
N-type material, 40 
Network operation, 101 
N-P-N transistor, 52 
Ohm, 8 
Ohm's Law, 12 
Ohmmeter, 8 
Open circuit, 11 
Open wire transmission line, 88 
Operating frequency, Choosing 
an, 98 
Oscillation, Parasitic, 69 
Oscillator, 59 
Armstrong, 61 
Crystal controlled, 62 
Tuned-grid, 61 
Pp 


P-type material, 40 
Parallel circuits, 14 
Parallel resistances, 14 
Parasitic oscillations, 69 


127 


Part 97, 103 
Peak amplitude, 28 
Pentode, 52 
Permanent magnet, 22 
Permeability, 23 
Pi-network circuit, 69 
Picofarad, 31 
Piezo-electric effect, 62 
Plate, 38 
Plate current-grid voltage 
curve, 50 
Plate input power, 52 
Plate keying, 67 
P-N-P transistor, 52 
Potential, 8 
Fall of, 9 
Potentiometer, 9 
Power, 16 
Power frequency, 28 
Propagation of radio waves, 80 
Protons, 7 
Q, R 
Q signals, 99 
Quartz, 62 
RST Reporting System, 100 
Radiation, Antenna, 80 
Solar, 83 
Radio frequency, 28, 65 
Radio frequency amplifier, 55, 
65 


Radio frequency interference, 
(RFI), 70 
Radio frequency power 
amplifier, 58 
Radiotelegraphy, 76 
Radiotelephone transmitter, 76 
Radio wave propagation, 80 
Reactance, Capacitive, 32 
Inductive, 32 
Receiver, 93 
Superheterodyne, 94 
Tuned-radio frequency, 93 
Rectification, 44 
Full-wave, 45 
Half-wave, 495 
Reproducer, 97 
Resistances in parallel, 14 
Resistances in series, 13 
Resistors, 8 
Adjustable, 9 
Carbon, 8 
Fixed, 9 
Variable, 9 
Wire-wound, 9 


Resonance, 32 
Parallel, 32 
Series, 32. 
Resonant frequency, 32 
Resonant frequency of crystal, 
62 


Reverse bias, 41 

RFI (see Radio Frequency 
Interference) 

Rheostat, 9 

Rules and Regulations, 103 


S 


Safety, 72 
Schematics, 11 
Screen grid, 52 
Second detector, 95 
Second harmonic distortion, 69 
Self-induction, 29 
Semiconductor diode, 40, 41 
Series circuits, 13 
Short circuit, 11 
Sine wave, 27 
Skip zone, 80 
Sky wave, 80 
Solar radiation, 81 
Solid state diode, 41 
Sound, 56 
Space charge, 36, 39 
Speakers, 5 
Speech frequencies, 56 
Standing wave ratio, 89 
Sunspot activity, 81 
Superheterodyne receiver, 94 
Suppressor grid, 52 | 
SWR (see Standing Wave Ratio) 
fe 

TRF receiver, 94 
Tank circuit, 60 
Television interference, 71 
Temporary magnet, 22 
Tetrode, 52 
Third party traffic, 110 
Tickler coil, 61 
Transistor, 52 

P-N-P, 52 

N-P-N, 52 


Transistor as an amplifier, 5 
Transistor biasing, 53 ; 
Transistor circuit, 53 
Transistor symbols, 53 
Transformer, 32 

Power, 34 

Step-down, 34 

Step-up, 34 
Transformer secondary, 34 
Transformer symbols, 33 
Transformer turns ratio, 34 
Transformer voltage ratio, 34 
Transmatch, 87 
Transmission lines, 88 _ 
Transmitter, Continuous 


wave, 
Transmitter, Master-oscillator, 
power amplifier, 65 
Transmitter, Modulated, 76 
Transmitter harmonics, 69 
Transmitter keying, 67 
Transmitter quality, 77 
Transmitter tuning, 70 
Traps, Antenna, 72 
Traps, Wave, 72 
Triode, 48 
Triode as an amplifier, 50 
Tuned circuits, 32, 59 
ae radio frequency receiver, 
9 
TVI (see Television Interference) 
Twin-lead transmission line, 88 
V 
Vacuum tube, 36 
Variable capacitor, 31 
Volt, 10 
Voltage drop, 9 
Voltage ratio of transformer, 
34 
Voltmeter, 10 


W,X,Y,Z 
Watt, 17 
Wattmeter, 17 
Watt-hour meter, 17 


Wavemeter, 91 
Zener diode, 42 
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OTHER BOOKS AND COURSES PUBLISHED Deyn 
AMECO PUBLISHING CORP, 


COMMERCIAL RADIO OPERATOR THEORY COURSE, Complete, amples: courss 


ost and 2nd Class Radiotelephone commercial licenses. Contains 21 lessons and over 
_ FCC-type a oad choice questions. No technical vie alc reg: cae ate 
PCAN LO oO lois fas coy ue cies Vs wb so ehoeeh we 40s 5s @ a aay wees olell 7 hiece ane 


Ron: 


Gat, #8-01 covers Elements oe -Ol covers Elemen - eee ; 
4, Each guide contains questions ae answers and sample FCC- “type examinations, 
multiple-choice questions. salt gna 
Cat. # 8-01 for 3rd Class Radiotelephone license. 64 PARES Fe eiu-c eae Ze aarele 
. ' Cat, # 9-01 for 2nd Class Radiotelephone license. 160 pages.. Pa pert 
te Cat. #10-01 for 1st Class Radiotelephone license. 80 pages... an geal ko Nem eee 
, AMATEUR RADIO THEORY COURSE, Complete, simplified course ‘povering he r 

_ments for Novice, Technician and General classes of licenses. Contains 14 les 
study guides and over 400 FCC- -type multiple choice eiohtee tS No technical bac! 
wy fecuired. w20 pages, Cat, #102-01). ....\ 6 sass aang ok oe ee 
- AMATEUR RADIO NOVICE CLASS THEORY COURSE. Same as above, except that i 
tains only the information for the Novice Class license. Oe? 200° 'FCC- pe mult 
ehoiceduestions,:.128 pages.’ Cat..#23-01 . 3... cena os ele eee es 
RADIO AMATEUR QUESTION AND ANSWER LICENSE GUIDES. Study guides for. 
classes of Radio Amateur licenses. Each guide contains easy-to-understand answers f 
_ each FCC study question, plus sample FCC-type examinations. . ; 
Pate Cat, # 7-01 for Novice.Class license, 32 pageS .....,.cevesseuscopneneenwes +. $1 
Cat. #12-01 for General Class license.. 64 pages... .: /vus «5 eae Pee ene O08 
Cat. #16-01 for Advanced Class licence, 64 pageS........e.c00.. wales dh ceo ee 50 
Cat, #17-01 for Extra Class license, 64 PAGOS 5 iss .ae we ode glee ee ee 
RADIO ELECTRONICS MADE SIMPLE. Radio theory explained completely ina simple, A 
non-technical manner. No previous radio background is required, Starts with basic elec- | 
tricity and covers all phases of radio, right up through transmitters and receivers. 
eees..  Catto-Ok os Gees ectee dbs livesets adeaaca¥ wane: aan at 


_ bet, sending and receiving, etc. 182 pages, Cat, #6-01 2... 2% ve sue eee 
TRANSISTOR THEORY AND CIRCUITS MADE SIMPLE, Transistor incory. is pope 
a simple, straightforward manner, It explains how transistors operate in amplifiers, os. 
 cCillators and other electrical circuits. Many practical circuits using transistors are® 
gira piven, ize pages. "Cat, F11-O) cick canes ae uae scale Gauls eae $2. 505s 
RADIO AMATEUR LOG BOOK, Modern, simplified format i in small size a" x 9") makes - at: 
logging an easy task: 60 pages; Cat. #14-01....,..4)<cncsteeey ee ee ; oe 


ee : MPUTERS MADE SIMPLE, A basic book, written for the layman with litt : ‘ 
technical background. Starts with simple number systems and covers all phases of digit L 
te ecomputers, 128 pages, Cat; #18-01, ..... 1a. asks 5 oo ce eee $2 


CITIZENS BAND RADIO RULES AND REGULATIONS - PART 95, SUBPART D. Comple 
set of CB rules required by the FCC for users of CB equipment. Includes CB applicatic 


form plus temporary permit. 32 pages and forms. Cat, #22-01..............0.. $1 
NOVICE CODE COURSE, Prepares for Novice and Technician exams, Contains 10. 


a a, 


check receiving accuracy ' 

fo Ont, ae 1T00-Sa0tLP . 88 Rpm” ia tas $3.95 Cat. #100-T (1 cassette tape)......$ 
SENIOR CODE COURSE, Contains everything given in Novice Code Course, plus 12 add 
_ tional lessons to bring code speed up to 18 WPM, Prepares one for all Amateur and Se 
ond Class Telegraph code examinations. 
Cat, #101-33 (2 LP's, 33 RPM)....$7.50 Cat. #101-T (2 cassette tapes) .. 0. 
ADVANCED CODE COURSE. Prepares for General Class license. Contains the last 
lessons of the Senior Code Course, plus FCC-type code exams. 8-1/2 to 18 WPM. 
», Cat, #103-33 (1 LP, 33 RPM)...... 3.95 Cat. #103-T (1 cassette tape)...... . $4, 

- EXTRA CLASS CODE COURSE, Increases code speed from 13 to 22 WPM. cee Ss 
ple FCC -type code examination for Extra Class license. 
Cat, #104-33 (1 LP, 33 RPM)...... $3.95 Cat. #104-T (1 cassette tape)...... $ 
GENERAL CLASS SUPPLEMENTARY CODE COURSE, Concentrated code practic 
_ tween 12 and 15 WPM. Provides additional code practice material for the General C 
““eode ‘examination: > Cats,4 105-33 (1-L,P) 35: RPM). 8 4. eet bo ee i en eee 
EXTRA CLASS SUPPLEMENTARY CODE COURSE, Concentrated code practi ce be 
19 and 24 WPM. Provides additional code practice material for the Extra. Class e 

a S\ammination, Cat, #106+383 (1 LP. (35 BPN). wii, ea ele Le 
"COMMUNICATE WITH THE WORLD THROUGH HAM RADIO", Conibination ‘pack 
consists of the Novice Code Course (Cat. #100-T) and the Amateur Radi ce 
Theory Course (Cat. #23-01). Complete package, Cat, #NP- “1 Mens sci he 
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